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Abstract 
This review aimed to explore associations between traumatic brain injury 
(TBI) and inhibitory control (IC) deficits in school-aged children. The 
conceptualisation of IC was based on Sinopoli and Dennis’s (2012) model, 
which includes four subsets: interference control, response flexibility, response 
cancellation and response restraint. In particular, the review sought to explore 
the following: IC measurement; associations between predictors, such as TBI 
severity and age at TBI; IC impairment; and longer-term outcomes. Following a 
process of filtering, 12 studies were included in the review. These studies used 
an array of neuropsychological measures, including tests of executive function 
and tests more specifically designed to assess IC. The evidence reviewed 
suggests that paediatric TBI is associated with IC deficits, particularly in 
response cancellation. Severe TBI is associated with worse impairment but 
evidence suggests that IC deficits reduce over time. However, research in this 
area suffers from a lack of methodological rigour, including small and unequal 
sample sizes and incomplete reporting of methodology. Furthermore, studies 
rarely specified the IC process being explored and used tests that draw on 
widespread cognitive processes. These weaknesses have limited the reliability 
and validity of the findings and should be improved in future research.  
 
Key Words 
Traumatic brain injury, paediatric, executive function, inhibitory control. 
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Background 
Traumatic brain injury (TBI) results from an external force to the head and 
is often associated with behavioural difficulties including irritability, social 
inappropriateness, aggression, antisocial behaviour, substance abuse and 
crime (Andrews, Rose, & Johnson, 1998; Farrer & Hedges, 2011; Greve et al., 
2001; Kreutzer, Marwitz, & Witol, 1995; Olver, Ponsford, & Curran, 1996; 
Tateno, Jorge, & Robinson, 2003; Taylor et al., 2002; Timonen et al., 2002). 
Such behavioural changes may be underpinned by changes in neural 
processing, i.e. cognition. In particular, executive dysfunction is an established 
outcome of TBI (Dimoska-Di Marco, McDonald, Kelly, Tate, & Johnstone, 2011; 
Tate, 1999). Executive function (EF) is an umbrella term for a range of cognitive 
processes that contribute to purposeful, goal-oriented, problem-solving 
behaviour (Gioia & Isquith, 2004; Morgan & Lilienfeld, 2000). Executive 
dysfunction results in difficulties adapting and regulating behaviour (Gioia & 
Isquith, 2004; Morgan & Lilienfeld, 2000).  
One aspect of EF, loss of inhibitory control (IC), has been specifically 
implicated in behaviour change following TBI (Dimoska-Di Marco et al., 2011; 
Tate, 1999). IC enables a person to deliberately suppress dominant, automatic 
or prepotent responses (Friedman & Miyake, 2004). Research suggests that IC 
is modulated by a network of frontal and subcortical brain regions, including the 
orbitofrontal cortex and the inferior frontal gyrus (Quirk & Beer, 2006). The 
frontal cortex is particularly vulnerable to primary coup/contracoup damage 
during TBI, while the subcortical networks can be affected by secondary axonal 
damage, whereby the connections between neurons in the white matter of the 
brain are lost (Smith, Meaney, & Shull, 2003; Zhang, Yang, & King, 2004). 
Either of these can lead to cognitive difficulties, such as difficulties with IC.  
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IC deficits have been associated with emotional and behavioural 
difficulties, including aggression (Raaijmakers et al., 2008), substance use 
(Pears, Capaldi, & Owen, 2007), social difficulties and internalising problems 
(Rhoades, Greenberg, & Domitrovich, 2009). Although there is evidence for a 
global underlying inhibitory mechanism, IC is considered to be a multi-faceted 
construct (Dimoska-Di Marco et al., 2011; Verbruggen, Liefooghe, Notebaert, & 
Vandierendonck, 2005). It has been suggested that IC includes different 
processes (Barkley, 1997; Miyake et al., 2000) and a recent review specified 
four: a) interference control, described as “the ability to perform an act while 
ignoring distracting, competing, or conflicting information” (p. 208); b) response 
flexibility, described as “the ability to shift among the features of a stimulus to 
which one will respond” (p. 208); c) response cancellation, described as 
“inhibiting or stopping an already initiated or ongoing action” (p. 208); and d) 
response restraint, described as “withholding or preventing a prepotent 
response before it is initiated” (p. 208; Sinopoli & Dennis, 2012). These 
processes have been suggested to rely on overlapping, yet distinct, neural 
pathways (Sinopoli & Dennis, 2012). Therefore, it is possible that they are 
differentially affected by TBI. 
Research into the association between TBI and cognition, specifically IC, 
has focused on adults (Dimoska-Di Marco et al., 2011). However, TBI sustained 
in childhood could lead to different IC outcomes, compared to TBI sustained in 
adulthood, for two reasons. Firstly, disruption to EFs while they are not yet fully 
mature could have repercussions for their continued development (Anderson, 
Anderson, Jacobs, & Catroppa, 2001; Davidson, Amso, Anderson, & Diamond, 
2006; Steinberg, 2010; Steinberg et al., 2008). Secondly, neuroplasticity, which 
is the mechanism that enables the brain to be resilient to injury, functions 
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differently in childhood to in adulthood (Johnson, 2004). Furthermore, TBI 
during childhood has been linked to subsequent criminality (Taylor et al., 2002; 
Timonen et al., 2002). Consequently, cognitive difficulties associated with 
paediatric TBI and possibly with criminality merit further investigation.  
This review will explore existing empirical literature concerned with IC in 
school-aged children who have survived a TBI. Specifically, it will consider the 
following questions: 
 1. How has IC been measured in school-aged children who have  
  survived a TBI?  
 2. Is TBI associated with IC impairments in school-aged children?   
 3. Are the different IC components differentially affected?  
 4. What predictors are associated with IC outcomes following TBI in 
  school-aged children? 
 5. What are the associations between longer-term IC outcomes and 
  paediatric TBI? 
 
Method 
Search Strategy 
Three electronic databases were searched: Web of Knowledge, PubMed 
and EBSCOhost. Keywords were identified and combined using the Boolean 
search method (Figure 1). The references of studies that met the inclusion 
criteria were scanned for studies not yet found. 
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Inclusion and Exclusion Criteria 
Empirical studies were included in the review if: 
 1. The participants had experienced a TBI after birth. 
 2. The participants were of school-age when tested (five to 18 years old). 
 3. A non-TBI control group was included. 
 4. The article was published in a peer-reviewed journal to ensure  
  scientific rigour. 
 5. The article was published in English. 
Studies were excluded if: 
 1. Experimental procedures purporting to assess IC had no evidence of 
replication or an assessment of the measure’s psychometric 
properties. As a result, the studies included used measures generally 
accepted to measure IC. 
 2. Measures of related constructs, including risk-taking, working memory, 
  divided attention and more general executive functioning were  
  excluded. This was done in order to focus the review on IC  
  specifically. 
 
Data Extraction 
The titles, then abstracts, then the full contents were scanned and 
assessed according to the inclusion criteria. Those that did not meet the criteria 
were rejected at each stage. Key information was then extracted from the 
included studies using a standardised approach (Appendix A). 
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Quality Assessment 
Studies were appraised using the Effective Public Health Practice Project’s 
(EPHPP; 1998) Quality Assessment Tool for Quantitative Studies (Appendix B). 
 
Results 
Search Results 
The search was conducted on 6th February 2014. Inclusion criteria were 
applied to 4,516 articles. Once duplicates were removed 3,143 articles 
remained. Overall, a total of 191 studies were further appraised and 12 were 
included in the review. A summary of the search can be found in Figure 1.  
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Figure 1. Summary of the literature search. 
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Study Characteristics 
Participants ranged in age from five to 18 years. Sample sizes tended to 
be small; four studies had fewer than 20 participants in the TBI group (Adamson 
et al., 2013; Catale, Marique, Closset, & Meulemans, 2009; Fenwick & 
Anderson, 1999; Levin, Hanten, Zhang, Swank, & Hunter, 2004), five had 
between 20 and 50 (Beauchamp et al., 2011; Catroppa, Anderson, Godfrey, & 
Rosenfeld, 2011; Howell, Osternig, Van Donkelaar, Mayr, & Chou, 2013; 
Konrad, Gauggel, Manz, & Schöll, 2000; Sinopoli, Schachar, & Dennis, 2011) 
and three had between 100 and 200 (Leblanc et al., 2005; Ornstein et al., 2013; 
Schachar, Levin, Max, Purvis, & Chen, 2004). Many of the studies further 
subdivided the brain injury groups into severity groups, resulting in smaller, 
often unequal, sample sizes. Consequently, clinical groups ranged in size from 
one participant (Sinopoli et al., 2011) to 65 participants (Schachar et al., 2004).  
All participants with TBI or with a “control” orthopaedic injury were 
recruited through hospitals, neurorehabilitation centres, specialised healthcare 
professionals, emergency departments and occupational therapy services. The 
recruitment procedure for the clinical group was unclear in one study (Levin et 
al., 2004). Non-injured controls were recruited through schools (Beauchamp et 
al., 2011; Catale et al., 2009; Catroppa et al., 2011; Fenwick & Anderson, 1999; 
Howell et al., 2013), newspaper advertisements (Konrad et al., 2000; Ornstein 
et al., 2013; Schachar et al., 2004; Sinopoli et al., 2011) and a science centre 
(Leblanc et al., 2005). Two studies were unclear regarding the source 
population of the non-injured control group (Adamson et al., 2013; Levin et al., 
2004). Studies including an attention deficit hyperactivity disorder (ADHD) 
control group recruited participants through newspaper advertisements (Konrad 
et al., 2000; Sinopoli et al., 2011) and hospitals (Ornstein et al., 2013).  
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The causes of TBI varied between and within studies. They included road 
traffic accidents (Adamson et al., 2013; Beauchamp et al., 2011; Catroppa et 
al., 2011; Levin et al., 2004), sporting accidents (Adamson et al., 2013; 
Beauchamp et al., 2011; Howell et al., 2013; Levin et al., 2004) and falls 
(Adamson et al., 2013; Beauchamp et al., 2011; Catale et al., 2009; Catroppa et 
al., 2011). Of the 12 studies reviewed, four reported the cause of injury and the 
findings of neuroimaging (Adamson et al., 2013; Beauchamp et al., 2011; 
Catroppa et al., 2011; Levin et al., 2004). Two studies reported the cause of 
injury only (Catale et al., 2009; Howell et al., 2013), one reported neuroimaging 
findings only (Leblanc et al., 2005) and five reported neither (Fenwick & 
Anderson, 1999; Konrad et al., 2000; Ornstein et al., 2013; Schachar et al., 
2004; Sinopoli et al., 2011).  
It should be noted that two studies may include the same participants, 
since they were conducted by the same research group (Beauchamp et al., 
2011; Catroppa et al., 2011). Both were 10-year follow-up studies and included 
participants with similar demographic characteristics (Beauchamp et al., 2011; 
Catroppa et al., 2011).  
Table 1 provides a summary of the reviewed studies. The measures used 
in the studies were evaluated, by the author, according to Sinopoli and Dennis’s 
(2012) description of the four IC processes. They were categorised on this 
basis. 
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Table 1 
Summary of the reviewed studies 
Study 
 
Country Sample Inhibitory 
control 
measures  
(IC process) 
Time points Main findings Effect size 
a
 Comments Summary 
 
Adamson et al., 
2013 
Not 
stated 
 17 TBI  
(2 severe;  
15 moderate) 
 13 controls 
 DKEFS CWI 
Test 
(interference 
control and 
response 
flexibility) 
One time point, at 
least 12 months 
post-injury 
 The groups did 
not differ 
significantly on 
any tests 
Cohen’s d  
 CWI=.23 
Strengths 
 Confounders minimised by 
matching control group to 
clinical group on age, 
gender and maternal 
education 
Weaknesses 
 Small and unequal sample 
sizes 
 Participants were 
volunteers, which may be a 
source of bias 
 
No 
impairment 
identified 
Beauchamp et al., 
2011 
Australia  40 TBI  
(7 mild;  
20 moderate;  
13 severe) 
 19 healthy 
controls 
CNT (response 
restraint) 
One time point, 
about 10 years 
after injury 
 The groups did 
not differ 
significantly 
Partial eta 
squared 
 CNT= .20-
.50 
Strengths 
 Confounders controlled for 
by matching control group to 
clinical group on age, 
gender, SES and pre-injury 
characteristics 
 Brain injury cause reported 
Weaknesses 
 High attrition rate in the 
sample: reasons not given 
No 
impairment 
identified 
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Catale et al., 2009 Belgium  15 TBI (mild) 
 15 healthy 
controls  
TAP Battery: 
 Go/No-Go 
Task 
(response 
restraint) 
One time point, 1 
year post injury 
 TBI group performed 
significantly less 
accurately than 
control group on 
divided attention 
task 
 Non-significant trend 
for fewer correct 
responses on the 
go/no-go task for the 
TBI group  
 TBI group gave 
significantly fewer 
correct responses 
on the working 
memory task than 
controls 
 
Effect 
sizes not 
reported. 
Cohen’s d 
calculated: 
 go-no-
go= 
0.23-
1.07 
 
Strengths 
 Controls matched with cases 
on age, gender and SES 
 Number of and reasons for 
the exclusion of participants 
given 
Weaknesses 
 Small sample sizes 
 No outline or rationale for 
the analyses performed 
 Multiple t-tests used – 
increase in the chance of 
Type I error 
Impairment 
in response 
restraint and 
response 
flexibility 
identified  
 
No 
impairment 
in response 
cancellation 
identified 
 
Catroppa et al., 2011 Australia  40 TBI  
(7 mild;  
20 moderate;   
13 severe) 
 19 healthy 
controls 
CNT 
(response 
restraint) 
 DKEFS CWI 
(interference 
control and 
response 
flexibility) 
 
One time point, 10 
years post-injury 
 Severe TBI group 
performed 
significantly more 
poorly on the CWI 
than controls  
 No difference 
between groups on 
CNT 
Partial eta 
squared  
 CNT=.06 
 CWI=.15
-.22 
 
Strengths  
 Controls matched with cases 
as much as possible on age, 
gender, SES and pre-injury 
characteristics 
Weaknesses  
 General statement about 
attrition given, but no 
specific information 
 No outline or rationale for 
the analyses performed 
 
Impairment 
in 
interference 
control 
identified 
Fenwick & Anderson, 
1999 
Australia  18 TBI  
(all moderate to 
severe) 
 18 control 
 Stroop 
Colour Word 
Test 
(interference 
control) 
 CPT 
(response 
restraint) 
One time point, at 
least 2 years post-
injury 
 Significant difference 
between groups on 
Stroop Test and 
CPT 
Adjusted R 
squared  
 Stroop=.
47-.50 
 CPT=.25
-.52 
 
Strengths  
 Controls matched with cases 
as much as possible on age, 
gender and SES  
 Assumptions for statistical 
analyses checked and 
reported 
Weaknesses 
 Small sample sizes 
 Causes of injuries not 
reported 
Impairment 
in response 
restraint and 
interference 
control 
identified 
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Howell et al., 2013 United 
States 
 20 Concussed 
 20 Control 
 ANT 
(response 
flexibility) 
 TST 
(response 
flexibility) 
 Within 3 days of 
injury 
 8 days post-TBI 
 16 days post-
TBI 
 30 days post-
TBI 
 60 days post-
TBI 
 
 TST switch cost 
significantly greater 
for the concussed 
group  
 Concussed group 
exhibited a 
significantly greater 
reaction time for the 
ANT conflict effect 
 Statistically 
significant 
improvement over 
time, but no group 
by time effect. 
 
Effect 
sizes: 
 ANT=.19 
 TST=.13 
Strengths  
 Controls matched with cases 
on age, gender, height, 
mass and sport  
 Assumptions for statistical 
analyses checked and 
reported 
Weaknesses  
 Small sample sizes 
Impairment 
in response 
flexibility 
identified 
Konrad et al., 2000 Germany  27 TBI 
(moderate to 
severe) 
 31 ADHD 
 26 healthy 
controls 
 Stop-signal 
task 
(response 
cancellation) 
One time point, 6 
months to 6 years 
post-TBI 
 Significant group 
effect on stop task, 
specifically the MRT 
and SSRT  
 No significant 
difference between 
TBI and ADHD 
groups but both 
groups differed 
significantly from the 
control groups.  
 Significant group 
effect in delay-task  
 TBI participants with 
S-ADHD did not 
differ to those 
without. 
Effect 
sizes not 
reported. 
Cohen’s d 
calculated: 
 SSRT= 
0.31-
1.29 
 MRT= 
1.58-
1.93 
Strengths  
 Similar group sizes 
 Consideration of 
confounders 
 Analysis described and 
rationalised  
 Number and reason for 
exclusion of participants is 
clear 
Weaknesses  
 Unspecified 
neuropsychological tests of 
IQ, cognitive speed, 
handedness and colour 
blindness administered 
Impairment 
in response 
cancellation 
identified 
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Leblanc et al., 
2005 
United 
States 
 136 TBI  
(35 mild;  
55 moderate;  
46 severe) 
 117 controls 
Stop-signal 
task (response  
cancellation) 
5 time points: 
 1 month post-
TBI 
 3 months post-
TBI 
 6 months post-
TBI 
 12 months post-
TBI 
 24 months post-
TBI 
 Significant 
impairment in 
response inhibition 
in TBI group 
 Significant 
improvement over 
time 
 Younger age at 
injury associated 
with significantly 
greater initial deficit 
in response 
inhibition, but 
significantly steeper 
recovery gradient 
 Duration of coma 
(but not GCS score) 
significantly 
predicted initial 
deficit 
 No significant 
difference between 
TBI and control 
group after 2 years 
 
Effect 
sizes not 
reported. 
Information 
to calculate 
cohen’s d 
not 
available. 
Strengths 
 Possible confounding 
variables (e.g. premorbid 
ADHD) taken into account 
Weaknesses  
 Large rate of attrition was 
not explained 
 Time since injury (to 
assessment) was 
significantly different 
between the severity groups 
(less for mild TBI, more for 
severe TBI) 
 Control participants were 
only tested on one occasion. 
Therefore, impact of repeat 
assessments cannot be 
ascertained 
Impairment 
in response 
cancellation 
identified 
Levin et al., 2004 United 
States 
 12 TBI (severe) 
 15 healthy 
controls 
Flanker- Task  
 Interference 
condition 
(interference 
control)  
 go-no-go 
condition 
(response 
restraint) 
One time point, at 
least 12 months 
post-TBI 
 Accuracy of 
performance by 
uninjured children 
was significantly 
above the level of 
the TBI group under 
the interference and 
go-no-go conditions  
 Significant group by 
condition interaction 
and group by age 
by condition 
interaction. 
Effect 
sizes not 
reported. 
Cohen’s d 
calculated: 
 Interfere
nce 
condition
= 0.01-
0.39 
 Go-no-
go= 2.50 
Strengths  
 Groups did not differ on age, 
parent education or gender 
Weaknesses  
 Unclear recruitment methods 
 Patients 1-11 years post 
injury (large range) 
Impairment 
in 
interference 
control 
identified 
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Ornstein et al., 
2010 
United 
States 
 103 TBI  
(57 mild;  
18 moderate;  
28 severe; 
30 S-ADHD;  
73 no S-ADHD) 
 92 ADHD 
 79 healthy 
controls 
Stop-Signal 
Task 
(response 
cancellation) 
One time point, at 
least 2 years post-
TBI 
 Both ADHD and 
TBI groups were 
significantly slower 
at inhibiting a 
response than 
controls. 
 No significant 
differences 
between mild, 
moderate and 
severe TBI groups 
 Mean SSRT and 
goRT of TBI with S-
ADHD tended to be 
higher (similar to 
ADHD RT) whereas 
TBI without S-
ADHD tended to be 
lower (similar to 
controls’ RT). 
 
Effect 
sizes not 
reported. 
Cohen’s d 
calculated: 
 SSRT=.2
7-.46 
 goRT=.1
7-.22 
 percent 
inhibited
= 0.19 
Strengths  
 Large sample sizes 
Weaknesses  
 Very different gender ratio in 
control group, compared to in 
TBI or ADHD groups, as well 
as significant difference in age 
(ADHD group younger than 
TBI and control groups)  
 No mention of participant 
exclusions 
 Some statistics not reported 
 Groups smaller and unequal 
in size once divided into TBI 
severity and S-ADHD groups) 
Impairment 
in response 
inhibition 
identified 
 
Schachar et al., 
2004 
United 
States 
 119 TBI  
(65 mild;  
20 moderate;  
34 severe) 
 57 healthy 
controls 
Stop-Signal 
Task 
(response 
cancellation) 
One time point, at 
least 2 years post-
TBI 
 TBI group 
significantly more 
likely to meet 
criteria for S-ADHD 
than controls 
 Post-injury S-ADHD 
significantly 
predicted by pre-
injury behavioural 
problems and GCS  
 Significant 
interaction between 
injury severity and 
S-ADHD on SSRT 
Effect 
sizes not 
reported. 
Information 
to calculate 
cohen’s d 
not clear. 
Strengths  
 Confounders considered.  
 Blinding considered - Injury 
severity gained from medical 
records by someone blind to 
the child’s course and 
outcome. 
 Number of and reasons for 
participant exclusions given 
Weaknesses  
 Small and unequal sample 
sizes, especially once 
participants were broken down 
into subgroups (injury severity 
and S-ADHD; minimum = 5) 
Impairment 
in response 
cancellation 
identified 
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Sinopoli et al., 
2011 
United 
States 
 49 TBI  
(28 mild; 
6 mild S-ADHD; 
6 moderate;  
2 moderate S-
ADHD;  
16 Severe;  
1 severe S-
ADHD) 
 12 ADHD 
 44 healthy 
control 
Stop-Signal 
Task 
(response 
cancellation) 
One time point, 1 
to 6 years post-
TBI 
 TBI group had 
significantly slower 
SSRTs than the 
control group, as 
did the ADHD 
group. 
 Participants with S-
ADHD showed a 
selective deficit in 
cancellation 
inhibition. 
Partial eta 
squared 
 SSRT=.1
0 
 Percent 
inhibition
= .16 
Strengths  
 Confounding variables 
considered (ADHD) 
 Order of task administration 
randomised 
Weaknesses  
 Small sample sizes, 
especially in S-ADHD 
groups 
Impairment 
in response 
cancellation 
identified 
Note. ADHD = Attention Deficit Hyperactivity Disorder. ANT = Attentional Network Test. CNT = Contingency Naming Task. CPT = Continuous Performance Test.          
D-KEFS = Delis-Kaplan Executive Function System. CWI = Colour Word Inference Task. GCS = Glasgow Coma Scale. goRT= go reaction time. IQ = intelligence 
quotient.  MRT = mean reaction time. RT = reaction time. S-ADHD = Secondary Attention Deficit Hyperactivity Disorder. SES = Socioeconomic status. SSRT = Stop 
Signal Reaction Time. TAP = Test of Attentional Performance. TBI = Traumatic Brain Injury. TST = Task Switching Test. 
 
a
 positive numbers indicate that control participants performed better than TBI participants. 
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How has Inhibitory Control been Measured in School-aged Children who 
have Survived a Traumatic Brain Injury? 
Although research has previously treated some IC processes as distinct 
(Barkley, 1997; Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005), Sinopoli 
and Dennis (2012) have provided the most comprehensive theoretical model of 
IC to date. However, many of the studies included in this review have simplified 
and ill-defined IC and have not differentiated between the IC processes 
described by Sinopoli and Dennis (2012). This review has differentiated 
between tests according to the primary IC process that the test was considered 
to measure, which was derived from Sinopoli and Dennis’s (2012) descriptions 
of the IC processes and their categorisation of some tests, as well as the wider 
literature. For example, the Flanker and Stroop Tasks were considered 
measures of interference control (Dimoska-Di Marco et al., 2011; Levin, Hanten 
& Li, 2009; Sinopoli & Dennis, 2012), the Wisconsin Card Sort Test a measure 
of response flexibility (Sinopoli & Dennis, 2012), the Stop-Signal Task a 
measure of response cancellation (Leblanc et al., 2005; Sinopoli & Dennis, 
2012) and the Go-No Go Task a measure of response restraint (Sinopoli & 
Dennis, 2012). Tests that were not categorised by Sinopoli and Dennis were 
categorised according to what the test was deemed to measure by the author of 
the paper being reviewed as well as the test descriptions in the papers from 
which they originated (Table 2).  
Sinopoli and Dennis (2012) acknowledge that many of these tests also 
measure “processes unrelated to inhibitory control, such as working memory, 
divided attention, the ability to form abstract concepts, and the ability to utilize 
feedback to guide subsequent decisions” (p. 210). This is a common difficulty of 
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EF tests. Consequently, in the current review, tests considered to primarily 
measure processes other than inhibitory control, such as working memory (the 
digit span test; Willcutt et al., 2005) or planning (Tower Test; Willcutt et al., 
2005), were excluded in order to specifically evaluate the relationship between 
TBI and IC outcome in childhood. Table 2 outlines the IC measures used in the 
studies reviewed. 
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Table 2 
Summary of the measures used in the studies reviewed 
IC Process Test Subtest Test Reference Review 
References 
Description Outcome Variable(s) 
Interference 
control 
Stroop Colour Word Test Stroop, 1935; 
Golden, 1978 
Fenwick & 
Anderson, 1999 
This test involves three tasks: 
 The child reads a list of colour words 
 The child names the colours of small 
patches  
 The child names the ink colours in which 
colour words are written 
 
 Number of correct 
responses 
 Time to emit a given 
number of responses 
Delis-Kaplan 
Executive Function 
System (DKEFS) 
Colour-Word 
Interference 
(CWI) Test, 
condition three 
 
Delis, Kaplan & 
Kramer, 2001 
Adamson et al., 
2013; Catroppa 
et al., 2011 
The child is first instructed to say the colour of 
the ink and not the colour word written. 
 Time to completion 
 Number of correct 
responses 
Flanker Task Interference 
condition 
Bunge, Ochsner, 
Desmond, Glover, 
& Gabrieli, 2001; 
Eriksen & Eriksen, 
1974 
Levin et al., 
2004 
In this computerized task, a central arrow 
appeared on the computer screen flanked on 
both sides by arrows pointing in the opposite 
direction. The child was instructed to press 
the key on the keyboard corresponding to the 
direction of the central arrow as quickly and 
accurately as possible. 
 
 Mean reaction time 
 Number of errors 
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Response 
flexibility 
Delis-Kaplan 
Executive Function 
System (DKEFS) 
Colour-Word 
Interference 
(CWI) Test, 
condition four 
Delis, Kaplan, & 
Kramer, 2001 
Adamson et al., 
2013; Catroppa 
et al., 2011 
The child is instructed to use the same rule 
as in condition three except when the word 
is in a box. In this case the child is 
instructed to read the word and not the ink 
colour. 
 
 Time to completion 
 Number of correct 
responses 
The Attentional Network Test (ANT) Fan, McCandliss, 
Sommer, Raz, & 
Posner, 2002 
Howell et al., 
2013 
The subject looks at a cross in the centre of 
a screen and responds as quickly as 
possible by pressing one of two arrow keys, 
indicating the direction of a central arrow 
presented above or below the cross. There 
are two conditions, whereby arrows on 
either side of the cross point either in the 
same or in a different direction to the target 
arrow. 
 
 Reaction time 
difference between 
conditions 
Task-Switching Test (TST) Mayr, 2006 Howell et al., 
2013 
Participants respond to the position of a 
circle presented in a horizontally configured 
rectangular box by pressing the right or left 
arrow key as quickly as possible. 
Participants were required to switch 
between responding congruently and 
incongruently to the position of the stimulus 
on every second trial in a sequence.  For 
congruent cases, they indicated the left or 
right position of the circle by pressing the 
corresponding arrow key. For incongruent 
cases they were instructed to respond by 
pressing the opposite key. 
 
 Switch cost: the 
difference score 
between the response 
time from trials on 
which the task 
changes and trials on 
which the task stays 
the same. 
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Response 
cancellation 
Stop-signal task Logan, 1994;  
Logan, Schachar, 
& Tannock, 1997 
Konrad et al., 
2000; Leblanc et 
al., 2005; Ornstein 
et al., 2013; 
Schachar et al., 
2004; Sinopoli et 
al., 2011 
 
Different versions exist. All require the 
child to press a certain key when they see 
a certain stimulus on the screen and to 
occasionally stop this action if a given 
stimulus appears.  
 Stop-Signal Reaction 
Time (SSRT) 
 Go Reaction Time 
(goRT) 
Response 
restraint 
Continuous performance task (CPT) Rosvold, Mirsky, 
Sarason, 
Bransome, & 
Beck, 1956 
Fenwick & 
Anderson, 1999 
Single letters are flashed on a screen. The 
child is instructed to respond either “yes” 
or “no” to each letter using a button box. 
The child is instructed to respond “yes” if 
the letter is an X, but only if the X comes 
after an A.  
 
 Number of errors 
 Mean reaction times 
(for correct 
responses) 
 Standard deviation of 
reaction time 
Test of Attentional 
Performance (TAP) 
Go/No-Go task Zimmermann & 
Fimm, 1992 
Catale et al., 2009 The child is instructed to press the space 
bar when a target item (“x”) appears on a 
screen but not to press the space bar 
when other items appear (e.g. “+”).  
 Reaction times for 
correct responses 
 Number of false 
reactions 
 Number of omissions 
 
Flanker Task Go/No-Go 
condition 
Bunge, Ochsner, 
Desmond, Glover, 
& Gabrieli, 2001; 
Eriksen & 
Eriksen, 1974 
Levin et al., 2004 In this computerized task, a central arrow 
appeared on the computer screen flanked 
on both sides by other symbols. The child 
is instructed to press a key on the 
keyboard if the flanking symbols are 
arrows and to not do anything if the 
flanking symbols are “x’s” 
 
 Mean reaction time 
 Number of errors 
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 Contingency Naming 
Test (CNT) 
Inhibition and 
switching 
subtests 
Anderson, 
Anderson, 
Northam, & 
Taylor, 2000 
Beauchamp et 
al., 2011; 
Catroppa et al., 
2011 
The child is presented with a stimulus sheet 
displaying circles, squares and triangles of 
different colours (each stimulus includes a 
colour dimension and an internal and external 
shape).  
 In the inhibition subtest, the child is 
instructed to act according to two rules: a) if 
the internal and external shape are the 
same, state the colour; b) if the internal and 
external shapes are different, state the 
external shape.  
 In the switching subtest, some shapes have 
an arrow placed above them. For these 
shapes, the child is instructed to reverse the 
inhibition subtest rule, while for all other 
items, the same rule as in the inhibition 
subtest applies.  
 
 Time taken for task 
completion 
 Number of errors 
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Is Traumatic Brain Injury Associated with Impairment in Inhibitory Control 
in School-aged Children? 
Of the 12 papers reviewed, 10 reported what could be interpreted as 
impairment in some aspect of IC (Catale et al., 2009; Catroppa et al., 2011; 
Fenwick & Anderson, 1999; Howell et al., 2013; Konrad et al., 2000; Leblanc et 
al., 2005; Levin et al., 2004; Ornstein et al., 2013; Schachar et al., 2004; 
Sinopoli et al., 2011) and two studies did not (Adamson et al., 2013; 
Beauchamp et al., 2011). The findings will now be summarised in relation to the 
four processes of effortful IC (Sinopoli & Dennis, 2012). 
Interference control. Four studies investigated interference control in 
children following TBI compared to non-injured controls (Adamson et al., 2013; 
Catroppa et al., 2011; Fenwick & Anderson, 1999; Levin et al., 2004). Of these, 
three concluded that this function was significantly impaired (Catroppa et al., 
2011; Fenwick & Anderson, 1999; Levin et al., 2004) and one found no 
significant difference.  
Response flexibility. Five studies investigated response flexibility in 
children following TBI compared to non-injured controls (Adamson et al., 2013; 
Beauchamp et al., 2011; Catroppa et al., 2011; Fenwick & Anderson, 1999; 
Howell et al., 2013). Of these, two reported impairment (Fenwick & Anderson, 
1999; Howell et al., 2013), but one of these studies reported that impairment 
was only present in the short-term following paediatric TBI (Howell et al., 2013). 
The remaining three studies observed no significant difference.  
Response cancellation. Five studies explored response cancellation in 
children post-TBI compared to non-injured controls (Konrad et al., 2000; 
Leblanc et al., 2005; Ornstein et al., 2013; Schachar et al., 2004; Sinopoli et al., 
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2011). All five studies reported that response cancellation was impaired in the 
TBI group.  
Response restraint. Four studies investigated response restraint in 
children following TBI compared to non-injured controls (Beauchamp et al., 
2011; Catale et al., 2009; Fenwick & Anderson, 1999; Levin et al., 2004). Two 
studies reported significant impairment in the TBI group (Fenwick & Anderson, 
1999; Levin et al., 2004), whereas the remaining two studies did not.  
 
What Predictors are Associated with IC Outcomes Following TBI in 
School-aged Children? 
Injury severity. Four studies reported that severe TBIs were associated 
with greater IC impairment compared to mild TBIs (Beauchamp et al., 2011; 
Catroppa et al., 2011; Schachar et al., 2004; Sinopoli et al., 2011). Beauchamp 
et al. (2011) concluded that injury severity was the most important factor in 
predicting long-term outcome after 10-years. Ornstein et al. (2013), however, 
did not detect a statistically significant relationship between the severity of TBI 
and IC impairment. In addition, Leblanc et al. (2005) only found a significant 
relationship if injury severity was measured by the length of coma, and not if 
injury severity was measured by post-resuscitation Glasgow Coma Scale (GCS; 
Teasdale & Jennett, 1974) or pupil reactivity.  
Despite many studies drawing conclusions on the basis of TBI severity 
classifications, the method of classification was not consistent across studies 
(see Table 3). Ten of the 12 studies reviewed used the GCS classification 
system, although there were subtle differences in the cut-offs. One study 
reported having adapted the GCS for paediatric TBI, but did not specify what 
adaptations were made (Levin et al., 2004). In addition, some studies used 
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information from neuroimaging and neurological assessment to inform 
classification. For example, some studies re-classified mild TBIs (according to 
the GCS) as moderate TBIs if there was evidence of lesion(s) on neuroimaging 
(Adamson et al., 2013; Catroppa et al., 2011; Leblanc et al., 2005). Only 
Catroppa et al. (2011) justified their use of multiple measures by saying 
“children with TBI were divided into severity groups based on several measures, 
as no single measure has been found to be reliable in this age group” (p. 860). 
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Table 3 
Injury severity classification systems used in the reviewed studies 
Severity Classification Systems 
a
 
 
 Glasgow coma scale Loss of consciousness Neuroimaging Other  
Adamson et al., 2013 Mild=13-15 
Complicated mild = 13-15 with 
complications on scan 
Moderate = 9-12 
Severe= under 9 
 
 Unspecified imaging technique 
Complicated mild = GCS mild with 
complications on scan 
 
Beauchamp et al., 
2011 
Mild = 13-15 
Moderate = 9-12 
Severe = 3-8 
 CT / MRI 
Mild = no abnormalities 
Moderate = possibly abnormalities 
Severe = abnormalities 
 
 
Catale et al., 2009 Mild = 15 Mild = <10 minutes Neuroradiological examination 
Mild = no neurological symptoms 
 
Mild = under 1 hour post-
traumatic amnesia 
At least 2 symptoms of 
concussion 
 
Catroppa et al., 2011 Mild = 13-15 
Moderate = 9-12 
Severe = 3-8 
Mild= some alteration to 
consciousness 
Moderate = altered consciousness 
and reduced responsiveness 
Severe = coma 
 
CT/MRI 
Mild = no evidence of lesion 
Moderate = evidence of a lesion 
Severe=lesion or other evidence of 
specific injury 
 
Mild = no neurologic deficits 
Moderate and severe= 
neurological impairment 
Fenwick & Anderson, 
1999 
 
Moderate & severe = under 12  CT/MRI 
Documented abnormality 
 
Howell et al., 2013    Third international statement 
on concussion in sport 
 
  
Inhibitory Control Following Paediatric Traumatic Brain Injury    35 
 
 
Konrad et al., 2000   CT/MRI 
Lesions reported but not linked to 
severity classification 
 
No measure of severity 
 
Leblanc et al., 2005 Mild = 13-15 
Moderate = 9-12, or 13-15 with a 
brain lesion 
Severe = 3-8 
 
 CT  
Levin et al., 2004 “The patients were moderately or 
severely disabled according to the 
GCS adapted for paediatric TBI” 
 
 MRI 
Lesions reported but not linked to 
severity classification 
 
Ornstein et al., 2010 Mild = 13-15 
Moderate = 9-12 
Severe = 3-8 
 
   
Schachar et al., 2004 Mild = 13-15 
Moderate = 9-12 
Severe = 3-8 
 
   
Sinopoli et al., 2011 Classification based on GCS scores 
but cut-offs not reported 
 
   
Note. CT = Computed Tomography. GCS = Glasgow Coma Scale. MRI = Magnetic Resonance Imaging. 
 
a 
Some studies used more than one classification system. Where this is the case, information from different classification systems were combined. 
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Age at injury. Three studies reported that younger age at injury was 
associated with greater IC difficulties (Fenwick & Anderson, 1999; Leblanc et 
al., 2005; Sinopoli et al., 2011). Leblanc et al. (2005) noticed that children who 
sustained a TBI at a younger age recovered faster than those injured later.  
Gender, family functioning, pre-injury behavioural difficulties and 
socioeconomic status. Four studies reported that neither gender nor family 
functioning predicted post-TBI IC (Beauchamp et al., 2011; Leblanc et al., 2005; 
Ornstein et al., 2013; Schachar et al., 2004). One study found that pre-TBI 
behavioural difficulties predicted post-TBI IC (Schachar et al., 2004), whereas 
two studies found no significant association (Beauchamp et al., 2011; Leblanc 
et al., 2005). Two studies reported that greater TBI severity was associated with 
lower socioeconomic status (SES; Leblanc et al., 2005; Sinopoli et al., 2011). 
 
What are the Associations Between Longer-term Inhibitory Control 
Outcomes and Paediatric Traumatic Brain Injury? 
Four studies concluded that significant improvement in a range of IC 
processes occurred over time (Fenwick & Anderson, 1999; Howell et al., 2013; 
Leblanc et al., 2005; Sinopoli et al., 2011). Two studies explored the long-term 
impact of TBI on IC by testing the same sample of participants five times over a 
period of two months and two years, respectively (Howell et al., 2013; Leblanc 
et al., 2005). Howell et al. (2013) found that adolescents who had experienced a 
concussion were initially impaired on tests of IC but that this impairment was no 
longer significant one month after injury. Leblanc et al. (2005) included mild, 
moderate and severe TBIs in their clinical group and concluded that IC 
improved significantly over the first two years post-injury.  
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Although the rest of the studies did not primarily focus on assessing long-
term outcome, many of them included participants who were at varying post-TBI 
stages. Two of these studies statistically explored the possible predictive role of 
time since TBI to IC outcome. Both concluded that time since injury significantly 
predicted IC outcome (Fenwick & Anderson, 1999; Sinopoli et al., 2011).  
 
Discussion 
This review has explored the impact of paediatric TBI on IC in school-aged 
children. Evidence suggests that IC deficits occur in school-aged children who 
have survived a TBI. With regards to Sinopoli and Dennis’s (2012) model of IC, 
this review suggests that: a) difficulties with interference control may emerge 
gradually following paediatric TBI; b) response flexibility may be subtly affected 
following TBI but that difficulties improve with time; c) response cancellation 
deficits occur following paediatric TBI; d) it is unclear whether response restraint 
deficits occur in children following TBI.  
This review suggests that more severe injuries are generally associated 
with more impaired IC. However, inconsistency in the TBI severity classification 
used renders comparison difficult. Furthermore, neuropathology may be a 
continuous, rather than a categorical, variable. Categorising it may reduce the 
sensitivity of analyses, since participants who are classified differently on the 
basis of a two-minute difference in loss of consciousness may, in reality, have a 
TBI of similar severity. Younger age at injury has been shown to be associated 
with worse IC outcome but faster recovery.  Moreover, SES and pre-injury 
behavioural difficulties were found to be associated with IC outcome post-TBI, 
but gender and family functioning were not. Finally, IC impairment was found to 
lessen significantly over time following TBI.  
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Methodological Issues 
Samples. Study sample sizes tended to be small and unequal. Small 
sample sizes are unlikely to identify significant differences between groups 
because of low statistical power. They are also unlikely to be representative of 
the population from which they are drawn, which impedes the generalizability of 
the findings. Unequal comparison groups can distort findings by increasing the 
likelihood that negligible differences between groups appear statistically 
significant. The problem of unequal groups was particularly relevant to some 
studies that further subdivided clinical groups into TBI severity groups (Ornstein 
et al., 2013; Schachar et al., 2004; Sinopoli et al., 2011). Finally, as previously 
mentioned, many of the papers reviewed did not report neuroimaging findings. 
This is a considerable weakness, since the homogeneity of TBIs cannot be 
ascertained.  
Measures. The reviewed studies used a range of measures to assess IC. 
This renders direct comparisons between the findings difficult. Many studies 
used standard neuropsychological tests of EF to explore IC (Adamson et al., 
2013; Beauchamp et al., 2011; Catale et al., 2009; Catroppa et al., 2011; 
Fenwick & Anderson, 1999). However, EFs are higher order cognitive 
processes that are interlinked and co-dependent. As a result, 
neuropsychological tests often draw on many EF processes, not only IC 
(Dimoska-Di Marco et al., 2011). Studies exploring response cancellation used 
stop-signal and go/no-go tasks, which seek to measure IC in isolation and may 
have greater construct validity (Howell et al., 2013; Konrad et al., 2000; Leblanc 
et al., 2005; Levin et al., 2004; Ornstein et al., 2013; Schachar et al., 2004; 
Sinopoli et al., 2011). However, performance-based tests may overestimate EF 
ability because they are unrealistically structured and administered in a 
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distraction-free environment very different to everyday life (Sesma, Slomine, 
Ding, & McCarthy, 2008; Vriezen & Pigott, 2002). Consequently, the ecological 
validity of the measures is questionable and the findings may not represent the 
full extent of deficits. However, the inclusion of a control group in all the 
reviewed studies may mediate this bias.   
Analyses. Firstly, conclusions cannot be drawn about causal relationships 
between TBI and IC from those studies using correlational designs. Secondly, 
only three studies reported that the data had fulfilled the assumptions necessary 
for parametric statistical tests (Beauchamp et al., 2011; Fenwick & Anderson, 
1999; Konrad et al., 2000). Consequently, it is not possible to judge the 
reliability of the findings of the remaining 11 studies.  
Group assignment presents an obstacle in TBI research because 
participants cannot be randomly assigned to groups. One study sought to treat 
potentially confounding factors that differed significantly between groups as 
covariates (Sinopoli et al., 2011). However, statistical analyses cannot equate 
groups on variables that reflect meaningful differences relating to group 
membership rather than chance (Miller & Chapman, 2001). Studies differed in 
the extent to which groups were matched on potentially confounding 
demographic variables, such as age and gender. For example, several studies 
included significant gender differences between groups (Levin et al., 2004; 
Ornstein et al., 2013; Schachar et al., 2004). In these cases, demographic 
differences between the groups may have contributed to IC differences, thus 
reducing the internal validity of case-control comparisons. 
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Clinical Implications 
Paediatric TBI is associated with IC deficits. Therefore, children post-TBI 
may struggle with inhibiting responses and may find it difficult to stop and think 
about consequences before engaging in behaviour. These children may be 
more likely to behave impulsively and engage in problematic behaviours as a 
result, such as aggression (Raaijmakers et al., 2008) and substance use (Pears 
et al., 2007), which may contribute to criminality (Taylor et al., 2002; Timonen et 
al., 2002). Research suggests that neuropsychological and behavioural 
approaches can be effective treatments for EF deficits (Cicerone, Levin, Malec, 
Stuss, & Whyte, 2006; Ylvisaker et al., 2007). Such approaches may include 
self-instructional training, applied behaviour analysis or positive behaviour 
support. However, their effectiveness with IC deficits, specifically, should be 
evaluated.  
 
Future Directions 
Future research needs to be more methodologically rigorous to ensure 
robust findings. Researchers should strive to adequately match groups for 
potentially confounding factors. Furthermore, methodology and statistical 
analyses must be comprehensively described to allow for critical evaluation. In 
the future, a longitudinal approach would clarify how TBI at different points 
during brain development may be associated with variations in cognitive and 
behavioural outcomes.  
More research is needed to better understand IC processes and how they 
might be affected after TBI. Additionally, the potential role of environmental and 
psychological factors, such as abuse and attachment, should be explored in 
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relation to IC in children post-TBI. The incorporation of such factors would assist 
researchers to holistically contextualise, and meaningfully evaluate, the impact 
of paediatric TBI on IC.  
 
Conclusions 
The evidence suggests that childhood TBI is associated with impairments 
in IC, particularly with response cancellation. These deficits may contribute to 
on-going behavioural difficulties in this population, which may benefit from 
targeted intervention. However, methodological weaknesses undermine the 
validity and reliability of the research findings. Therefore, more rigorous 
research is required to better understand both the impact of paediatric TBI on IC 
processes and what interventions might prove effective in lessening behavioural 
problems. 
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Appendices 
Appendix A: Data Extraction Form 
 
Author(s): 
Title: 
 
Aim(s): 
 
Methodology: 
 
 Design: 
 Exclusion/inclusion criteria 
 Sample(s): 
o Clinical 
 Recruitment strategy 
 Age (means and range) 
 Genders  
 Clinical group(s) 
o Control  
 Recruitment strategy 
 Age (means and range) 
 Genders 
 Measures: 
 Analysis: 
 
Results: 
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Appendix B: Key Questions from EPHPP – Quality Assessment Tool for 
Quantitative Studies 
 
1. Are the selected participants likely to be representative of the target 
 population? 
 
2. Is the likelihood of bias diminished through the design of the study? 
 
3. Have confounders been identified and addressed? 
 
4. Are assessors and participants aware of the participant’s status and of 
 the research question (or are they blinded to these)? 
 
5. Are the measures used reliable and valid? Is this described in the study? 
 
6. Are the number of and reasons for withdrawals and drop-outs described 
 in the study? 
 
7. Was the analysis appropriate to the research question? 
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Abstract 
Objective 
To investigate whether traumatic brain injury (TBI) plays a role in 
impulsivity, risk-taking, aggression and other behaviour problems in young 
offenders. 
Setting 
Youth Offending Teams in the South West of England. 
Participants 
Participants were 21 young offenders with community sentences, aged 
between 14 and 18 years old.  
Design 
A cross-sectional correlational design. 
Main measures 
A background questionnaire gathered information about the frequency and 
severity of TBIs, which was used to calculate the “TBI dose”. The Stoplight task 
and the Stroop test provided behavioural measures of risk-taking and 
interference control respectively. Self-report questionnaires provided measures 
of impulsivity (UPPS Impulsivity Scale), aggression (Reactive and Proactive 
Aggression Questionnaire) and behaviour (Strength and Difficulties 
Questionnaire). 
Results 
Seventy-six per cent of the sample reported at least one TBI. TBI was not 
significantly correlated with either any of the other variables. Impulsivity was 
significantly positively correlated with reactive aggression. 
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Conclusion 
This exploratory study concludes that, in the current sample, TBI is not 
associated with impulsivity or risk-taking. Therefore, it is equally possible that 
impulsivity and reactive aggression pre-exist TBI. Future research should use a 
longitudinal design and a larger sample. 
Key Words 
Traumatic brain injury, crime, impulsivity, risk-taking, aggression. 
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Introduction 
Crime is associated with huge social and financial costs. It has been 
estimated that recorded crime costs the economy £15 billion per year (Sinclair & 
Taylor, 2008), with reoffending alone costing £9.5 to £13 billion per year (Home 
Office, 2013). Up to 54% of prisoners are reconvicted within a year of release 
(Ministry of Justice, 2012) and adolescents are more likely than other age 
groups to reoffend (Loeber & Farrington, 2000; Ministry of Justice, 2013). 
Consequently, understanding factors that contribute to young offending is a 
government priority. This study will explore whether traumatic brain injury (TBI) 
plays a role in impulsivity, risk-taking and behaviour problems in adolescent 
offenders. 
Executive Functioning 
Research has revealed that cognitive deficits are common amongst 
offenders, with particular problems identified with executive functioning (EF; 
Hoaken, Allaby, & Earle, 2007; Kelly, Richardson, Hunter, & Knapp, 2002). EF 
encompasses higher order cognitive processes that contribute to purposeful, 
goal-oriented, problem-solving behaviour (Anderson, Anderson, Jacobs, & 
Catroppa, 2001; Gioia & Isquith, 2004). EF is considered the most complex 
cognitive domain and is amongst the last to mature (Anderson et al., 2001; 
Davidson, Amso, Anderson, & Diamond, 2006; Steinberg, 2010; Steinberg et 
al., 2008). Consequently, it is not yet fully developed during adolescence, when 
criminal behaviour is at its peak (Eggleston & Laub, 2002; Hirschi & 
Gottfriedson, 1983; Jennings & Reingle, 2012; Sampson & Laub, 2003; 
Satterfield & Schell, 1997). 
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Risk-taking 
Brain development during adolescence may predispose adolescents to 
take increased risks. This is because there appears to be a disparity in the rate 
of development of two inter-dependent systems. These systems together 
balance the drive for reward and the regulation of behaviour: the mesolimbic 
socioemotional system and the cortical cognitive control system, respectively 
(Steinberg, 2008, 2010; Steinberg et al., 2008). The socioemotional system is 
thought to develop rapidly from the onset of puberty. This leads to increased 
sensation-seeking, described by Steinberg et al. (2008) as “a tendency to seek 
out novel, varied and highly stimulating experiences, and the willingness to take 
risks in order to attain them” (p.1765). The cognitive control system, however, is 
thought to develop gradually throughout adolescence and early adulthood 
(Steinberg et al., 2008). Consequently, adolescence may be a time of 
heightened sensation-seeking but limited impulse control (Steinberg et al., 
2008). This may lead to increased risk-taking (Herrenkohl et al., 2000; 
Steinberg et al., 2008), whereby potential negative consequences are 
discounted in favour of potential positive consequences (Gullone, Moore, Moss, 
& Boyd, 2000). Steinberg et al. (2008) developed a computerised driving task in 
order to explore risk-taking in adolescents. Results revealed heightened risk-
taking, which gradually declines in later adolescence. Therefore, due to the 
timing and rate of normal brain development, adolescents may be prone to risk-
taking (Steinberg et al., 2008). 
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Paediatric Traumatic Brain Injury 
TBI during childhood or adolescence may exacerbate the adolescent 
propensity to take risks. TBI is defined as an external force to the head and is 
often caused by falls and car accidents, for example (Catroppa, Anderson, 
Godfrey, & Rosenfeld, 2011; Howell, Osternig, Van Donkelaar, Mayr, & Chou, 
2013; Williams, Potter, & Ryland, 2010). The severity of TBI ranges from mild to 
severe and is a general indication of cognitive and behavioural outcome, with 
severe injuries associated with worse outcomes (Beauchamp et al., 2011; 
Crowe, Catroppa, Babl, & Anderson, 2012). Duration of loss of consciousness 
(LoC) is commonly used as an indicator of TBI severity, with LoC of under 30 
minutes indicating a mild TBI (Malec et al., 2007; Williams, Cordan, Mewse, 
Tonks, & Burgess, 2010; World Health Organization, 2001). 
The frontal cortex is particularly vulnerable to primary coup/contracoup 
damage during TBI, while subcortical networks can be affected by secondary 
axonal damage, whereby the connections between neurons in the white matter 
of the brain are lost (Smith, Meaney, & Shull, 2003; Zhang, Yang, & King, 
2004). Both of these types of pathology have been linked to EF deficits 
(Adamson et al., 2013; Kurowski et al., 2009; McAllister, Sparling, Flashman, & 
Saykin, 2001; Wilde et al., 2005). Due to the primary role of EF in regulating 
behaviour, TBI has commonly been associated with behavioural difficulties 
(Andrews, Rose, & Johnson, 1998). 
Behavioural problems following TBI include difficulties with school 
performance, psychosocial adjustment and adaptive functioning (Andrews et al., 
1998; Yeates et al., 2004). Max, Robertson and Lansing (2001) showed that 
59% of children with moderate to severe TBI showed personality changes in the 
first year post-injury and 5% of those with mild TBI also showed such changes. 
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The most common personality changes were mood dysregulation, aggression 
and disinhibition. It should be noted, however, that these difficulties may be 
exacerbated by environmental factors like lower socioeconomic status (SES), 
fewer family resources and poorer family functioning (Yeates et al., 2004). 
 
Traumatic Brain Injury and Young Offenders 
There is increasing evidence that TBI is highly prevalent amongst young 
offenders (Hughes, Williams, Chitsabesan, Davies, & Mounce, 2012). In the UK, 
it has been reported that between two and 24% of young people in the general 
population have sustained a TBI, compared with up to 76% of young people in 
custody (Farrer, Frost, & Hedges, 2013; Hughes et al., 2012).  
TBI has been associated with earlier onset of criminal behaviour, 
substance abuse, antisocial behaviour, aggression and violent crimes (Cole et 
al., 2009; Fazel, Lichtenstein, Grann, & Långström, 2011; Greve et al., 2001; 
Luukkainen, Riala, Laukkanen, Hakko, & Räsänen, 2012; Perron & Howard, 
2008). Causal links between TBI and violence have been indicated by large-
scale epidemiological studies. Timonen et al. (2002) showed, in a birth cohort 
study, that those who sustained a TBI in childhood were two times more likely to 
develop a mental health condition and 1.7 times more likely to become criminal 
offenders. In a recent population study, Fazel et al. (2011) compared outcomes 
of a TBI group with a sibling group in order to account for the effect of some 
confounding factors, including SES and family environment. After adjusting for 
these factors, they concluded that TBI was significantly associated with 
increased violent crime. 
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Violent offenders have been shown to have similar neurological 
abnormalities to people with TBI (Schiltz, Witzel, Bausch-Holterhoff, & Bogerts, 
2013). Neuroimaging techniques revealed that these neurological abnormalities 
particularly involved the frontal lobes (Schiltz et al., 2013). This is consistent 
with emerging literature that shows impulsive (reactive) aggression is 
associated with EF deficits and attenuated activity in the orbitofrontal cortex 
(Coccaro, McCloskey, Fitzgerald, & Phan, 2007; Hanlon, Brook, Stratton, 
Jensen, & Rubin, 2013; Raine et al., 2006). This is in contrast to instrumental 
and organised (proactive) aggression, which does not seem to be linked to such 
EF inefficiency (Pulkkinen, 1996; Raine et al., 1998; Raine et al., 2006; Vitaro, 
Brendgen, & Tremblay, 2002). This suggests that TBI may lead to aggression 
as a result of impulsivity. 
 
Impulsivity 
Impulsivity refers to behaviour without adequate consideration of the 
consequences (Crews & Boettiger, 2009). Research has suggested that 
impulsivity can increase after TBI. For example, parent reports of pre-TBI 
behaviour and behavioural assessment of post-TBI impulsivity have shown that 
TBI is associated with increased impulsivity (Konrad, Gauggel, Manz, & Schöll, 
2000; Leblanc et al., 2005; Ornstein et al., 2013; Schachar, Levin, Max, Purvis, 
& Chen, 2004). Indeed, TBI has been suggested to lead to secondary attention 
deficit hyperactivity disorder (ADHD), which is characterised by heightened 
impulsivity (Gerring et al., 1998; Steinau, 2013). 
Impulsivity may result from EF deficit since one of the roles of EF is to 
mitigate against impulsive behaviour. The cognitive underpinnings of impulsive 
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behaviour are thought to be multi-faceted, including processes like interference 
control and response flexibility, response cancellation and response restraint 
(Dimoska-Di Marco, McDonald, Kelly, Tate, & Johnstone, 2011; Sinopoli & 
Dennis, 2012). Behavioural tasks have been developed to measure these 
processes. One such task is the Stroop Test (Stroop, 1935), which was 
developed in 1935 and has benefited from a wealth of research into its 
relevance to interference control (MacLeod, 1991). It measures the ability to 
resist a dominant response (reading the word), and instead attend to and report 
on a secondary feature of the stimulus (ink colour). Interference occurs because 
the dominant response is generated more automatically and faster than the 
non-dominant response (Brass, Derrfuss & von Cramon, 2005; MacLeod, 
1991). Successful completion of this task, therefore, requires the ability to resist 
acting on impulse and difficulties on this task can be evident in both the 
completion time and error rate (Brass et al., 2005; MacLeod, 1991). 
Neuroimaging research has suggested that successful completion of the Stroop 
task relies on the frontal regions of the brain (Erickson, Milham, Colcombe, 
Kramer, Banich, Webb, & Cohen, 2004; Zysset, Muller, Lohmann & von 
Cramon, 2001). It is possible, therefore, that TBI may have an impact on 
interference control. 
Research has also suggested that impulsivity is linked to underlying 
personality traits, such as the Five Factor Model domains (FFM; Figure 2; 
Digman, 1990; Whiteside & Lynam, 2001). Whiteside and Lynam (2001) 
developed a structural model of personality to understand self-reported 
impulsive behaviours. An exploratory factor analysis on 17 impulsivity scales 
determined that there were four main types of impulsive behaviour, each 
associated with different facets and domains of the FFM (Figure 2). These are 
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measured by the urgency, premeditation, perseverance, sensation-seeking 
(UPPS) impulsivity scale. Research suggests that they are each associated with 
different types of problematic behaviour. For example, sensation-seeking and a 
lack of premeditation are associated with antisocial behaviour; lack of 
premeditation is also associated with substance use, hyperactivity and 
impulsivity; lack of perseverance is associated with inattention and urgency is 
associated with aggression (Miller, Flory, Lynam, & Leukefeld, 2003). The way 
in which behavioural and personality-based measures relate to each other is 
still disputed (Cyders & Coskunpinar, 2012; Sharma et al., 2014). 
 
Figure 2. Illustration of the relationship between the UPPS subscales and FFM 
domains (McCrae & John, 1992; Whiteside & Lynam, 2001). 
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The Current Study 
Adolescence is a key period for brain development (Anderson et al., 2001) 
and is often when people first become engaged in a cycle of reoffending 
(Ministry of Justice, 2013). TBI has been linked with EF deficits, impulsivity 
(Konrad et al., 2000; Leblanc et al., 2005), aggression and criminal behaviour 
(Cole et al., 2009; Fazel et al., 2011; Luukkainen et al., 2012). This study aimed 
to investigate the possibility that impulsivity statistically explains the association 
between TBI and behaviour problems in young offenders (e.g. risk-taking, 
aggression, conduct, emotional and relationship problems). 
The current study will use information about both the severity and 
frequency of TBI for two reasons. Firstly, research exploring TBI has used 
different classifications and cut-offs. For example, while some studies classify 
TBI according to the Glasgow Coma Scale (GCS; Teasdale & Jennett, 1974), 
others use different or unclear methods (Massagli et al., 2004; Tate, 1999). 
Furthermore, the classification of cases into mild, moderate and severe 
categories is not consistent. For example, while some studies include 
concussion without LoC as a mild TBI (Maillard-Wermelinger et al., 2009; 
Massagli et al., 2004), others do not (Fazel et al., 2011). Secondly, although 
most research only considers severity when measuring TBI, research has 
indicated that repeated TBIs can lead to worse cognitive outcomes (Davies, 
Williams, Hinder, Burgess, & Mounce, 2012; Teasdale & Engberg, 2003; Wall et 
al., 2006). These two factors may underpin differences in the rates of TBI, and 
TBI outcomes, between studies (Farrer et al., 2013; Farrer & Hedges, 2011). 
Since both the severity and frequency of injuries have been associated with 
cognitive difficulties (Davies et al., 2012; Leblanc et al., 2005), this research will 
investigate relationships between key variables and TBI “dosage”. In this study, 
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TBI dosage is operationally defined as the cumulative product of TBI severity 
and frequency. A TBI dosage score will be calculated for each participant based 
on a novel equation developed for the purpose of the current study (see method 
section for the equation). 
The following hypotheses will be investigated (Figure 3): 
H1: Greater TBI dosage will be associated with increased risk-taking (measured 
by a computerised driving task and reported substance use).  
H2: Greater TBI dosage will be associated with increased impulsivity (on a self-
report questionnaire) and reduced interference control (on a behavioural task). 
H3: Greater impulsivity (on a self-report questionnaire) and reduced 
interference control (on a behavioural task) will be associated with increased 
risk-taking (on a computerised driving task). 
H4: Impulsivity will mediate the association between TBI and risk-taking. 
Secondary analyses will explore the possible mediating role of aggression 
in both the relationship between impulsivity and conduct problems and the 
relationship between impulsivity and risk-taking, as well as the possible 
mediating role of impulsivity in the relationship between TBI and aggression. 
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Figure 3. Illustration of the primary and secondary hypotheses. 
 
Method 
In order to collect as much data as possible within the available time, data 
were collected by two trainee clinical psychologists. Appendix D provides a 
summary of the contribution of each. 
 
Participants 
Data were collected across four youth offending teams (YOTs) in the 
South West of England. Literature was consulted to estimate the required 
sample. Studies using one of the same measures with paediatric TBI samples 
reported large effect sizes (Catroppa et al., 2011; Fenwick & Anderson, 1999). 
However, because relevant information was not available for the other outcome 
variables, a medium-to-large effect was sought in order to increase sensitivity. A 
priori power analyses indicated that 46 and 53 participants would be necessary 
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to detect a medium-to-large effect for correlation and mediation analyses, 
respectively (Cohen, 1990; Fritz & Mackinnon, 2007). Despite best efforts, the 
required sample could not be recruited because of feasibility reasons, like high 
rates of non-attendance, for example. 
A total of 23 young people consented to participate over a period of six 
months. In order to participate, young people had to: a) be 14 to 18 years of age 
(M=16.48; SD=1.27); b) be fluent in English, and c) have a criminal conviction 
and be serving a community sentence. YOT staff were instructed to exclude 
young people deemed to pose a significant risk to themselves or others, in 
order to maintain their own and others’ safety. YOT staff were also instructed to 
exclude those with a learning disability or significant mental health issues, since 
these diagnoses may in themselves be associated with impulsivity and could, 
therefore, be considered potential confounding factors. However, following data 
collection two participants were found to be within the learning disability range 
on a test of intelligence. These participants were excluded from further 
analyses. Every participant completed all tasks. 
YOT1 contributed 14 participants to the study, with an attendance rate of 
61%. YOT2 contributed four participants, with an attendance rate of 40%. YOT3 
contributed three participants with an attendance rate of 25% and YOT4 
contributed two participants with an attendance rate of 20%. 
 
Design 
A cross-sectional correlational design was used. Given the lack of 
consensus in the literature regarding TBI classification, participants in the 
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current study were assigned a TBI dosage score (combining frequency and 
severity). 
 
Measures 
Several of the measures administered during the testing session formed 
part of another study and will not be described (see the procedure section for 
details). 
Background information. Participants completed a background 
questionnaire about TBI history, criminal history and demographics, discussed 
below (Appendix E). 
Traumatic brain injury. The neurodisability section of the Comprehensive 
Health Assessment Tool (CHAT; Chitsabesan et al., 2014) was used to assess 
the frequency and severity of TBI. For the purpose of the current study, the 
reported frequency and severity of TBIs, as assessed by the CHAT, were used 
to calculate the TBI score according to the following novel formula: 
(n x 1) + (n x 2) + (n x 3) + (n x 4) + (n x 5) = TBI score 
 
n = number of reported head injuries within each severity category (as 
categorised by the CHAT; Chitsabesan et al., 2014); 1 = dazed and confused; 2 
= unconscious for up to 5 minutes; 3 = unconscious for 5-10 minutes; 4 = 
unconscious for 10-20 minutes; 5 = unconscious for 20-30 minutes. 
Criminal history. Participants were asked about the nature of their latest 
offence and the number and nature of previous convictions, as well as their use 
of illegal substances and alcohol. 
Following the session, information was collected from the Asset database - 
a structured assessment tool used by all YOTs in England and Wales (Ministry 
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of Justice, 2011). This (see Appendix F) included: (a) criminal history (primary 
and additional offences, seriousness score, age at first conviction, number of 
previous convictions, categorisation of offences as violent or non-violent); (b) 
risk of reoffending (summed score calculated from assessment of risk areas, 
including living conditions, physical and mental health, motivation to change); 
(c) substance abuse; (d) mental health disorder(s). 
Background demographics. Participants were asked their age, gender, 
ethnic background, education history, developmental or mental health 
difficulties and postcode. Given the relationship between deprivation and crime 
(Kawachi, Kennedy, & Wilkinson, 1999) each participant’s home postcode was 
used to calculate an “index of multiple deprivation” (IMD) score (Communities 
and Local Government, 2011). The IMD is a weighted average of the following 
domains: income, employment, health and disability, education, skills and 
training, barriers to housing and services, crime and living environment. Out of 
32,482 areas in England, the lowest IMD score is .53 (indicating low levels of 
deprivation) and the highest is 87.80 (indicating high levels of deprivation). 
Impulsivity. 
UPPS Impulsivity Scale – Abbreviated (Appendix G; Whiteside & 
Lynam, 2001; Whiteside, Lynam, Miller, & Reynolds, 2005). This abbreviated 
self-report questionnaire consists of the highest-loading 20 items from the 
UPPS Impulsivity Scale (five per factor). This scale assesses four personality 
pathways to impulsive behaviour (Figure 2). Participants responded to each 
item on a Likert scale, ranging from “agree strongly” (score 1) to “disagree 
strongly” (score 4). Higher scores indicate greater impulsivity. Although 
developed for use with the adult population, D’Acremont and Van der Linden 
(2005) replicated the four-factor model with adolescents. The internal 
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consistencies of the subscales for the current sample were lower than those 
reported by Cyders et al. (2007) and Rochat et al. (2010). In the current study, 
Cronbach’s alphas were .83 for lack of premeditation, .91 for urgency, .26 for 
sensation seeking and .70 for lack of perseverance. Due to the particularly low 
internal consistency of the sensation seeking subscale, which indicates 
unreliable measurement of this construct, it was not included in analyses. 
Stroop Colour Word Interference Test (Stroop, 1935; Trenery, 
Crosson, DeBoe, & Leber, 1989). This interference control task includes 
processing speed and interference control conditions. Several versions of this 
test exist and some have been used with children as young as eight years old 
(Delis, Kaplan, & Kramer, 2001). In the processing speed condition, participants 
were timed reading 112 colour words written in congruent coloured ink. In the 
interference control condition, participants were asked to name the colour of the 
ink in which the words were written rather than the colour words themselves. 
Participants were given two minutes in which to name as many of the 112 ink 
colours as possible, in order. Self-corrections were counted as correct 
responses. Inhibitory control on the Stroop test was measured by calculating 
the number of words correctly read in 60 seconds in the first condition (Stroop 
A) and the number of colours correctly named in 60 seconds in the second 
condition (Stroop B). To obtain a purer measure of interference control, not 
confounded with general processing speed, a linear regression was performed 
with Stroop A predicting Stroop B. The residuals represent the variability in 
performance on Stroop B with Stroop A performance partialled out. Higher 
residuals indicate better interference control. Henceforth, this residual score will 
be termed “Stroop interference”. 
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Risk-Taking. 
Stoplight task (Steinberg et al., 2008). This computerised driving game 
has primarily been used with adolescents (Chein, Albert, O’Brien, Uckert, & 
Steinberg, 2011; Steinberg et al., 2008) and provides a behavioural measure of 
risk-taking (Figure 4). It was presented on a Dell Latitude E6430 laptop with a 
14-inch screen. The participants had five minutes to cross 20 intersections to 
get to a party. They travelled at a set speed and participants were required to 
press the spacebar to brake. At an intersection, if the traffic light turned amber, 
one of three scenarios resulted: 1) the brakes were not applied and the car 
made it through the intersection safely (no time is lost); 2) the brakes were 
applied and the car stopped safely (three seconds were lost); 3) the brakes 
were not applied, or were applied too late, and the car crashed into another car 
on the intersection (six seconds were lost). The “brake latency” was the elapsed 
time between the appearance of the amber light and the application of the 
brakes (in milliseconds). At each intersection there were pre-programmed 
values set for the time between the appearance of the amber light and the 
arrival of a crossing vehicle entering the intersection. These values are referred 
to as the “maximum brake latencies”. The outcome variables for each 
participant were: (a) number of safe stops; (b) number of successful intersection 
crossings; (c) number of crashes; (d) risky driving score - defined as the sum of 
all the brake latencies over 20 intersections. If the participant did not brake, then 
the maximum brake latency value was assigned for that particular intersection.  
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Figure 4. Illustration of the stoplight task (reproduced with permission from 
Albert, Chein & Steinberg, 2013). 
Aggression. 
The Reactive-Proactive Aggression Questionnaire (RPQ; Appendix H; 
Raine et al., 2006). This self-report measure was developed with adolescent 
data and consists of a list of 12 proactive and 11 reactive aggression items. 
Participants were required to respond “never” (score 0), “sometimes” (score 1) 
or “often” (score 2).  Higher scores indicated greater aggression. This measure 
has shown good convergent and discriminant validity for behaviours measured 
by the Child Behaviour Checklist in adolescent males (Raine et al., 2006). The 
internal consistencies of the scales for the current sample were high 
(Cronbach’s alphas were .89 for reactive aggression and .83 for proactive 
aggression). 
Behaviour. 
Strengths and Difficulties Questionnaire, self-report version (SDQ; 
Appendix I; Goodman, 1997). This self-report measure of behavioural 
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difficulties is designed for use with 11 to 17 year-olds. It includes 25 items 
measuring five subscales: emotional symptoms, conduct problems, 
hyperactivity/inattention, peer relationship problems and pro-social behaviour. 
Participants responded according to a Likert scale, from “not true” to “certainly 
true”. Answers were scored from zero to two (with some reverse-scored items); 
higher scores indicated greater difficulties. The internal consistencies of the 
scales for the current sample were variable and below those reported by 
Goodman (2001): .67 for the emotional symptoms scale, .54 for the conduct 
problems scale, .54 for the hyperactivity/inattention scale, .23 for the peer 
relationship problems scale and .56 for the prosocial behaviour scale. Due to 
the particularly low internal consistency of the peer relationship problem 
subscale, which indicated that the construct was not measured reliably, it was 
not included in analyses. 
Intelligence. 
Wechsler Abbreviated Scale of Intelligence, Second Edition (WASI-II, 
Wechsler, 2011). This paper-and-pencil battery yields an estimate of general 
intelligence, which was assessed as a potential confounding factor (McCrimmon 
& Smith, 2013). The two-subscale version was used (including matrix reasoning 
and vocabulary subtests), which generated a full-scale intelligence quotient 
(FSIQ). The matrix reasoning subtest required participants to select, from five 
options, the item which completed a matrix or a series. The vocabulary subtest 
required participants to define increasingly uncommon words. The subtests, as 
well as the two-subscale measure of intelligence, have good internal reliability 
(α=.86-.98) and test-retest reliability (r=.77-.93; Wechsler, 1999). They are also 
highly correlated with more comprehensive tests of intelligence, the third 
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editions of the Wechsler Intelligence Scale for Children (r=.81; Wechsler, 1991) 
and the Wechsler Adult Intelligence Scale (r=.87; Wechsler, 1997). 
 
Procedure 
The study was approved by the University of Exeter’s School of 
Psychology Ethics Board (Appendix J), local council research governance 
officers and YOT managers. Figure 5 outlines the procedure. YOTs were 
provided with practitioner abstracts (Appendix K), information sheets (Appendix 
L), consent forms (Appendix M) and booking-in sheets (Appendix N). 
Participants completed the assessment in one individual session. Measures 
were presented in an interview format because of participants’ variable reading 
ability. To ensure comparability, measures were presented in the same order 
(Figure 5). The order sought both to facilitate participants’ continued 
engagement by continually changing the type of task and to help the 
researchers prepare the materials for subsequent tasks. Data were collected 
over a six-month period, between October 2013 and March 2014. 
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 Test administration order:  
1. UPPS 
2. Parenting questionnaire 
3. Face recognition Task 
4. SDQ 
5. Stoplight task 
Testing session 
 Approximately 50 minutes 
 At the YOT offices or home 
 Participant receives £5 high street voucher 
at the end of the session to thank them for 
their time 
6. Empathy questionnaire 
7. Stroop 
8. RPQ 
9. WASI-II 
10. Background questionnaire 
Ethical approval obtained from 
University of Exeter’s School of 
Psychology Ethics Board 
Researchers meet with YOT 
manager to outline research and 
gain their consent to participate 
Research governance approval 
gained from participating County 
Councils 
Researchers meet with YOT managers first and then with YOT workers to present the research. Researchers 
provide the YOT with necessary information and consent forms and available testing dates 
YOT workers identify young people 
YOT worker discusses the information sheet with the young person and their guardian (if under 16 years old) 
If under 16 years old - get signed consent from the 
guardian and assent from the young person 
If over 16 years old - get signed consent from the 
young person 
YOT worker books young person in for a testing session with one of the researchers 
Asset information accessed 
Dissemination 
 Present the research findings to the YOTs who have participated in the research (August 2014). 
 Contact the participants who have opted into receiving information about the findings of the project via 
email or post (August 2014). 
Figure 5. Procedure. 
Inclusion criteria: 
 14-18 years old 
 Criminal conviction 
 Fluent in English 
Exclusion criteria: 
 Learning disability 
 Significant mental health problems 
 Significant risks to self or others 
Note.           = tests administered as part of another study. 
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Analysis 
Data were analysed using IBM SPSS (version 21). Parametric 
assumptions were checked for all variables prior to analysis. Correlations 
between ordinal variables were explored with Pearson’s product moment 
coefficients (r) and correlations involving interval/ratio variables were explored 
using Spearman’s rank correlation coefficient (ρ). Ordinal variables were: UPPS 
subscales, RPQ subscales, SDQ subscales, TBI score, education, SES, 
seriousness score, substance use and the classification of the crime as violent 
or not violent. Significance tests were two-tailed and alpha was set at the .05 
level. 
 
Results 
Given the small sample and the exploratory nature of the study, alpha 
levels were not corrected for multiple comparisons. Thus, any non-predicted 
significant effects were considered as tentative findings that require further 
investigation and replication. 
 
Participant Demographics 
Table 4 outlines the sample’s characteristics. IMD scores (providing a 
measure of SES) were all in the lower half of the scale (M=18.4, SD=7.6), 
indicating low levels of deprivation. Five participants reported having a 
diagnosis of ADHD, all of whom also reported having experienced a TBI. 
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Table 4 
Characteristics of the sample 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note. LoC = Loss of consciousness 
 
Individual TBI and criminal conviction characteristics of the participants are 
outlined in Table 5. 
 
 n Percentage of the sample 
Age (years)   
14 3 14.3% 
15 2 9.5% 
16 3 14.3% 
17 10 47.6% 
18 3 14.3% 
Sex   
Male  20 95.2% 
Female  1 4.8% 
Race   
White British 19 90.5% 
Other 2 9.5% 
IMD (0-90)    
10-20 (high average) 15 71.4% 
20-30 (average) 3 14.3% 
30-40 (low average) 3 14.3% 
Achieved GCSEs / still in education 12 57.1% 
Historic and/or current alcohol use 20 95.2% 
History of substance abuse 19 90.5% 
History of psychological difficulties 0 0.0% 
Developmental difficulties (all dyslexia) 3 19.1% 
ADHD 5 23.8% 
Crime   
Violent crime 15 71.4% 
History of previous crime 16 76.2% 
Intellectual functioning (FSIQ)   
71-80 7 33.3% 
81-90 5 23.8% 
91-100 9 42.9% 
TBI 17 81.0% 
TBI without LoC 2 9.5% 
TBI with LoC 15 71.4% 
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Table 5 
Participant TBI and crime characteristics 
 Brain injury characteristics Offence characteristics 
 
 
No. 
 
 
Age 
 
TBI 
score 
 
Number 
of TBI 
 
Severity of 
worst TBI 
Treatment 
sought for 
worst TBI?  
 
Cause of 
worst TBI 
Time since 
worst TBI 
(months) 
 
Primary offence (additional 
offences) 
Sentence 
length 
(months) 
 
 
SS 
 
Age at first 
conviction 
Most severe 
substance 
used (class) 
1 17 15 14 LoC <5 min No Climbing 
accident  
60 Assault by beating 6 3 16 B 
2 14 2 1 LoC <5 min Yes Fall off chair 24 Theft from a shop (criminal damage) 3 3 14 B 
3 18 0 None N/A N/A N/A N/A Theft (possession of class b drugs) DK 3 16 B 
4 14 2 1 LoC <5 min No Fall from tree 2 Rape (x2) 24 8 13 None 
5 17 6 4 LoC 5-10 min Yes Fall whilst 
drunk 
12 Theft and handling stolen goods 
(criminal damage, harassment) 
3 3 14 B 
6 16 26 19 LoC 10-20 min No Fight 3 Criminal damage 3 2 15 A 
7 15 2 1 LoC <5 min No Fight  12 Criminal damage (burglary from a 
dwelling, theft from a vehicle) 
8 3 14 None 
8 17 14 10 LoC <5 min Yes Fight  4 Attempted robbery (possessing a 
firearm, aggravated bodily harm, 
threatening behaviour)  
18 6 11 A 
9 17 6 3 LoC <5 min Yes Fight 2 Assault by beating  4 3 16 A 
10 17 5 3 LoC <5 min Yes Fall from bike 48 Burglary from a dwelling (x2)  9 6 14 A 
11 14 3 2 LoC <5 min No Sports injury 4 Criminal damage under £2000 8 2 13 B 
12 17 0 None N/A N/A N/A N/A Aggravated vehicle taking (breach of 
order, assault)  
DK 5 12 A 
13 16 0 None N/A N/A N/A N/A Assault (assault, resisting arrest)  6 3 17 B 
14 15 2 2 D&C No MVA 8 Assault by beating (criminal damage)  5 3 14 A 
15 18 4 4 D&C No Fall whilst 
drunk 
48 Gross bodily harm with intent (assault 
occasioning actual bodily harm)  
24 6 15 A 
16 17 0 None N/A N/A N/A N/A Burglary from a dwelling (x2)  12 6 11 None 
17 16 5 3 LoC 5-10 min No Fight  24 Possession of class B drugs with 
intent to supply 
12 4 16 A 
18 17 4 2 LoC 5-10 min Yes Ran into wall 132 Drunk and disorderly 6 1 16 B 
19 18 8 4 LoC <5 min Yes Fight 36 Fraud 24 3 16 A 
20 17 8 6 LoC <5 min Yes Fight 12 Assault by beating  3 3 16 B 
21 17 2 1 LoC <5 min Yes Fight  36 Possession of class A drugs with 
intent to supply (x2)  
6 6 15 A 
 
 
 
Note: LoC = Loss of consciousness. SS = Seriousness score. DK = participant reported not knowing the answer. D&C = Dazed and Confused. MVA = motor vehicle accident. 
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The majority of the sample (76%) reported experiencing at least one TBI 
and 67% reported experiencing a TBI involving LoC. Out of the former, 81% 
reported having experienced several TBIs. Table 6 summarises the sample’s 
TBI and crime characteristics.  
 
Table 6 
Means and standard deviations (SD) for TBI and criminal conviction 
characteristics for the sample 
  Mean SD 
TBI TBI score 5.43 6.28 
Age at worst injury 14.29 2.64 
Number of injuries 4.70 5.05 
Time since worst injury (months) 
 
27.47 32.68 
Criminal 
conviction 
Age at first conviction 14.48 1.72 
Number of convictions 3.62 3.67 
Reported sentence length (months) 9.68 7.41 
Seriousness score 3.90 1.79 
 
Table 7 provides an overview of the sample’s performance on the 
neuropsychological tests. 
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Table 7 
Means and standard deviations (SD) for the sample’s performance on 
neuropsychological tests 
 
Preliminary Analyses 
Four variables were found to be in violation of the parametric assumption 
of normality: TBI score, time since injury, number of convictions and SES (IMD 
score). Base-10 logarithm transformations were used to reduce the skew and/or 
kurtosis of the data for each variable. The transformed variables were deemed 
to meet the assumptions for parametric analyses (Appendix O). Henceforth, 
only the transformed versions of these variables were used. Finally, statistical 
assumptions for linear regression (Field, 2009) were all met (Appendix P). 
Measure Subscale Measurement 
unit/ range  
Sample 
mean 
Sample 
SD 
WASI-II 
 
Full Scale Intelligence Quotient  
 
Population 
average=100 
86.5 8.6 
UPPS Impulsive 
Behaviour Scale 
Lack of premeditation  0-20 12.3 3.3 
Lack of perseverance  0-20 11.4 3.0 
Urgency  
 
0-20 14.2 3.7 
Stoplight Task Riskiness score  Milliseconds 2220.5 732.3 
Crashes  0-20 4.0 1.6 
Safe stops  0-20 10.9 3.9 
Successful crossings  
 
0-20 16.0 1.6 
Stroop Task 
 
Stroop A  Number of 
words correctly 
read in 60 
seconds 
112.3 21.6 
Stroop B  
 
Number of ink 
colours correctly 
named in 60 
seconds 
 
46.7 7.6 
Reactive and 
Proactive 
Aggression 
Questionnaire 
 
Reactive aggression  0-22 13.1 5.3 
Proactive aggression  
 
0-24 7.2 4.6 
Strength and 
Difficulties 
Questionnaire 
Conduct problems  0-10 4.0 1.9 
Emotional symptoms  0-10 3.0 2.1 
Hyperactivity/inattention  0-10 5.7 2.0 
Prosocial behaviour  0-10 7.3 1.7 
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Potentially Confounding Variables 
Age was not significantly correlated with any variables. SES was 
significantly negatively correlated with education only (ρ=-.59, p<.01). IQ was 
significantly negatively correlated with UPPS urgency (ρ=-.46 p<.05), SDQ 
emotional symptoms (ρ=-.52 p<.05), proactive aggression (ρ=-.54 p<.05) and 
significantly positively correlated with Stroop interference (r=.54, p<.05). 
However, this association is not altogether surprising, since both IQ and Stroop 
interference include some aspect of executive functioning. Since IQ was not 
correlated with any other key variables, such as TBI, it was not treated as a 
covariate in subsequent analyses. In addition, since neither age nor SES were 
correlated with any key variables, they were also not treated as covariates in 
subsequent analyses. 
 
Primary Hypotheses 
Hypothesis one. It was hypothesised that young offenders with higher 
TBI dosage would exhibit greater risk-taking on the Stoplight task and greater 
substance use. Firstly, inter-correlations between measures of risk-taking were 
explored. None of the Stoplight outcomes were significantly correlated with 
substance abuse (Table 8). 
 
Table 8 
Results of correlation analyses between the Stoplight task and substance use 
(Spearman’s rank correlation coefficient and 95% confidence intervals) 
 Substance use 
 ρ 95% CI 
Riskiness score -.01  (-.45, .43) 
Safe stops .11 (-.35, .53) 
Successful crossings .20  (-.27, .59) 
Total crashes -.20  (-.59, .27) 
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Secondly, correlation analyses did not reveal any significant correlations 
between TBI dosage and risk-taking, either on the computerised driving task, or 
substance use (Table 9). 
 
Table 9 
Results of correlation analyses between TBI dosage and measures of risk-
taking (Spearman’s rank correlation coefficient and 95% confidence intervals) 
Hypothesis two. It was hypothesised that TBI dosage would be 
associated with UPPS impulsivity and Stroop interference control. Firstly, inter-
correlations between measures of impulsivity were explored. None of the UPPS 
subscales were significantly correlated with Stroop test performance, except for 
the urgency subtest, which was highly negatively correlated with Stroop A 
(Table 10). With regards to the UPPS subscales, only lack of premeditation and 
lack of perseverance were significantly correlated with each other. 
 
  
 TBI dosage score 
 ρ 95% CI 
Stoplight riskiness score .24  (-.23, .62) 
Stoplight safe stops -.21  (-.60, .26) 
Stoplight successful crossings -.10  (-.52, .36) 
Stoplight crashes .10 (-.36, .52) 
Substance use .36 (-.10, .69) 
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Table 10 
Results of correlation analyses between measures of impulsivity, processing 
speed and interference control (correlation coefficient and 95% confidence 
intervals) 
 
Secondly, correlation analyses revealed no significant correlation between 
TBI dosage and the UPPS subscales or Stroop test (Table 11). 
 
Table 11 
Results of correlation analyses between TBI dosage and measures of 
impulsivity, processing speed and interference control (Spearman’s rank 
correlation coefficient and 95% confidence intervals) 
 
Hypothesis three. It was hypothesised that increased impulsivity on 
UPPS subscales and reduced Stroop interference control would be associated 
 Stroop A Stroop 
interference 
UPPS lack of 
premeditation 
UPPS lack of 
perseverance 
UPPS 
urgency 
Stroop 
interference 
 
.04  
(-.40, .46) 
    
UPPS lack of 
premeditation 
 
-.04 
(-.47, .41) 
.18 
(.29, .58) 
   
UPPS lack of 
perseverance 
 
-.05 
(-.48, .40) 
.08 
(-.38, .51) 
.70** 
(.37, .87) 
  
UPPS urgency 
 
 
-.57** 
(-.81, -.17) 
-.13 
(-.54, .33) 
.34 
(-.12, .68) 
.36 
(-.10, .69) 
 
ADHD -.18 
(-.57, -.27) 
-.32 
(-.67, .14) 
-.17 
(.57, .29) 
-.16 
(-.56, .30) 
-.28 
(-.64, .19) 
Note. ** = correlation is significant at the .01 level. Correlations involving UPPS subscales were 
calculated using Spearman’s rank correlation coefficient. All other correlations in Table 10 were 
calculated using Pearson’s product moment correlation. 
 TBI score 
 ρ 95% CI 
UPPS lack of premeditation .18  (.27, .57) 
UPPS urgency .29  (.18, .65) 
UPPS lack of perseverance .18  (.27, .57) 
Stroop A .01  (-.43, .45) 
Stroop interference .04  (-.47, .41) 
ADHD -.13  (-.54, .33) 
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with increased risk-taking on a computerised driving task. Correlation analyses 
revealed that no measures of impulsivity were significantly correlated with 
measures of risk-taking (Table 12). 
 
Table 12 
Results of correlation analyses between measures of impulsivity, processing 
speed, interference control and risk-taking (correlation coefficients and 95% 
confidence intervals) 
 
Hypothesis four. It was hypothesised that impulsivity would mediate the 
effect of TBI on risk-taking. The mediation analysis pre-conditions that the 
predictor be correlated with the mediator and with the outcome variable were 
not met (Baron & Kenny, 1986). Consequently, this hypothesis could not be 
tested. 
 
 Stoplight 
riskiness 
score 
Stoplight 
safe stops 
Stoplight 
successful 
crossings 
Stoplight 
crashes 
Substance 
use 
UPPS lack of 
premeditation 
 
.41 
(-.04, .72) 
-.36 
(-.69, .10) 
-.16 
(-.56, .30) 
.16 
(-.30, .56) 
-.06 
(-.49, .39) 
UPPS 
urgency 
 
.35 
(-.11, .69) 
 
-.36 
(-.69, .10) 
-.32 
(-.67, .14) 
.32 
(-.14, .67) 
.18 
(-.29, .58) 
UPPS lack of 
perseverance 
 
.27 
(-.20, .64) 
-.31 
(-.66, .15) 
-.19 
(-.58, .28) 
.19 
(-.28, .58) 
.02 
(-.43, .46) 
Stroop A 
 
-.10 
(-.51, .35) 
 
.13 
(-.32, .53) 
.29 
(-.16, .64) 
-.29 
(-.64, .16) 
.04 
(-.41, .47) 
Stroop 
interference 
 
-.33 
(-.66, .12) 
.39 
(-.05, .70) 
.41 
(.03, .72) 
-.41 
(-.72, .03) 
-.16 
(-.56, .31) 
ADHD 
 
.16 
(-.29, .55) 
-.16 
(-.55, .29) 
-.21 
(-.59, .24) 
.21 
(-.24, .59) 
-.21 
(-.60, .26) 
 
Note. Correlations involving UPPS subscales were calculated using Spearman’s rank 
correlation coefficient. All other correlations in Table 12 were calculated using Pearson’s 
product moment correlation. 
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Secondary Hypotheses 
Secondary analyses explored associations between TBI dosage, 
impulsivity and risk taking as well as aggression, crime and behaviour 
problems. Finally, the possible mediating role of aggression in the following 
relationships was investigated: a) impulsivity and conduct problems; b) 
impulsivity and risk-taking. In addition, the possible mediating role of impulsivity 
in the relationship between TBI dosage and aggression was also investigated. 
The alpha level for the secondary analyses was set at the conservative .01 level 
in order to reflect the exploratory nature of these hypotheses. 
Inter-correlations between measures of behavioural problems were 
assessed. Correlation analyses revealed that the SDQ conduct problems 
subscale was not significantly correlated with the violence of crimes (ρ=-.28, 
p>.01), with the seriousness score allocated by the YOT (ρ=-.02, p>.01), nor 
with the number of overall convictions (ρ=-.26, p>.01). None of these variables 
were significantly correlated with any other. 
Correlation analyses revealed that UPPS lack of premeditation was 
significantly positively correlated with reactive aggression meaning that those 
reporting greater lack of premeditation also reported greater reactive aggression 
(Table 13). Stroop interference was significantly positively correlated with SDQ 
hyperactivity/ inattention, suggesting that those with better interference control 
scored more highly on the hyperactivity/ inattention scale. However, no other 
correlations were significant. 
  
Brain Injury, Impulsivity and Risk-taking in Young Offenders  89 
 
Table 13 
Results of correlation analyses between measures of impulsivity, processing 
speed, interference control, behaviour problems and aggression (Spearman’s 
rank correlation coefficient and 95% confidence intervals) 
 SDQ 
conduct 
problems 
SDQ 
emotional 
symptoms 
SDQ 
hyperactivity 
/ inattention 
SDQ 
prosocial 
behaviour 
RPQ 
reactive 
aggression 
RPQ 
proactive 
aggression 
UPPS lack of 
premeditation 
 
.40 
(-.05, .72) 
-.01  
(-.45, .43) 
 
.23  
(-.24, .61) 
-.11 
(-.53, .35) 
.56** 
(.16, .80) 
.29 
(-.18, .65) 
UPPS urgency 
 
.39 
(-.06, .71) 
 
.48 
(.05, .76) 
.14 
(-.32, .55) 
.00 
(-.44, .44) 
.48 
(.05, .76) 
.41 
(-.04, .72) 
UPPS lack of 
perseverance 
 
.36 
(-.10, .69) 
.13 
(-.33, .54) 
.10 
(.36, .52) 
-.08 
(-.50, .38) 
.47 
(.03, .76) 
.24 
(-.23, .62) 
Stroop A 
 
-.19 
(-.58, .28) 
 
-.21 
(-.60, .26) 
-.05 
(-.48, .40) 
-.11 
(-.53, .35) 
-.05 
(-.48, .40) 
.03 
(-.42, .47) 
Stroop 
interference 
 
.34 
(-.12, .68) 
-.03 
(-.47, .42) 
.56** 
(.16, .80) 
-.34 
(-.68, .12) 
.15 
(.31, .56) 
-.18 
-.58, .29) 
ADHD 
 
-.16 
(-.56,.30) 
-.28 
(-.64, .19) 
-.42 
(-.73, .03) 
.21 
(-.26, .60) 
-.26 
(-.63, .21) 
-.27 
(-.64, .20) 
 
Note. ** = correlation is significant at the .01 level.  
 
Correlation analyses revealed that TBI dosage was not significantly 
correlated with either reactive aggression (ρ=.50, p>.01) or proactive 
aggression (ρ=.30, p>.01). Reactive and proactive aggression were not 
significantly correlated with any SDQ subscales or risk-taking indicators (Table 
14).  
  
Brain Injury, Impulsivity and Risk-taking in Young Offenders  90 
 
Table 14 
Results of correlation analyses between measures of aggression, behaviour 
problems and risk-taking (Spearman’s rank correlation coefficients and 95% 
confidence intervals) 
 Reactive aggression Proactive aggression 
SDQ conduct problems -.36 
 
(-.69, .10) .44 
 
(.00, .74) 
 
SDQ emotional symptoms .15 
 
(-.31, .56) .32 
 
(-.14, .67) 
 
SDQ hyperactivity/inattention .11 
 
(-.35, .53) .10 
 
(-.36, .52) 
 
SDQ prosocial behaviour -.03 
 
(-.47, .42) .08 
 
(-.38, .51) 
 
Stoplight riskiness score .39 
 
(-.06, .71) .40 
 
(-.05, .72) 
 
Stoplight safe stops -.38 
 
(-.70, .08) -.32 
 
(-.67, .14) 
 
Stoplight safe crossings -.25 
 
(-.62, .22) -.18 
 
(-.58, .29) 
 
Stoplight crashes .25 
 
(-.22, .62) .18 
 
(-.29, .58) 
 
Substance use .16 
 
(-.30, .56) .29 
 
(-.18, .65) 
 
It was hypothesised that RPQ reactive aggression mediated the 
relationship between UPPS lack of premeditation and SDQ conduct problems. 
However, correlational analyses revealed that SDQ conduct problems were not 
significantly correlated with either UPPS lack of premeditation (Table 13), nor 
with RPQ reactive aggression (Table 14). Therefore, the preconditions for 
mediation analyses were not met (Baron & Kenny, 1986) and the analyses 
could not be conducted.  
It was hypothesised that RPQ reactive aggression mediated the 
relationship between UPPS lack of premeditation and Stoplight risk-taking. 
However, Stoplight risk-taking was not significantly correlated with either UPPS 
lack of premeditation (Table 12), nor with RPQ reactive aggression (Table 14). 
Therefore, the preconditions for mediation analyses were not met and the 
analyses could not be conducted.  
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Finally, it was hypothesised that impulsivity would mediate the association 
between TBI dosage and reactive aggression. However, correlation analyses 
revealed that TBI dosage was not significantly correlated with impulsivity (Table 
11) nor with reactive aggression (Table 16). Consequently, the conditions for 
mediation analysis were not met and the analysis could not be conducted.  
 
Statistical Power 
Sensitivity analyses revealed that, with a sample size of 21, there was 
sufficient power to detect a true correlation in the population of r =+/-.57 
(power=.80, alpha=.05, two-tailed test). With regards to multiple regression, 
there was sufficient power to detect an effect f-squared of .42, which equates to 
an incremental R-squared of 29.6%. Therefore, the study was only sufficiently 
powered to detect large effect sizes in the population (Cohen, 1992) and null 
results should be interpreted with this in mind. 
 
Discussion 
Traumatic Brain Injury 
Although a high proportion of TBIs were reported within the sample, this 
study found that TBI was not significantly associated with impulsivity or risk-
taking. None of the primary hypotheses were supported, which suggests that no 
associations between TBI, impulsivity and risk-taking, as measured in the 
current study, exist. These results indicate two possibilities. Firstly, it may be 
that the hypothesised associations do not exist in the population. Secondly, it is 
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possible that other factors have prevented the detection of significant 
associations between these factors within this sample.  
If the latter were true, it is important to consider what factors may have 
affected the results. Firstly, all reported TBIs were in the mild severity range. 
Research indicates that mild TBIs are typically associated with only short-term 
cognitive difficulties (Beauchamp et al., 2011; Catale, Marique, Closset, & 
Meulemans, 2009; Howell et al., 2013). Since the current sample was on 
average 2.2 years post-TBI, it is possible that spontaneous recovery had 
already occurred. Moreover, mild TBI may contribute to offending behaviour in 
the period of time immediately following injury. Heightened impulsivity, which 
may occur in the short-term (Howell et al., 2013), could increase the likelihood 
that a young person first takes part in crime. Over time the cognitive difficulties 
resolve themselves but social factors, such as negative peer relationships and 
poor school achievement, may encourage the young person to remain engaged 
with crime (Hoge, Andrews, & Leschied, 1996). Secondly, cognitive 
impairments and behavioural difficulties following mild TBI are likely to be subtle 
(Catale et al., 2009; Howell et al., 2013; Wall et al., 2006). The measures used 
may not have been sensitive enough to detect them (Bohnen, Jolles, & 
Twijnstra, 1992). Thirdly, the small sample size, resulting in low statistical 
power, also increases the chance of false negative results. Consequently, TBIs 
in the current sample may not have been sufficiently severe to allow for 
associations to emerge. This is likely to have been compounded by the 
probable presence of learning disabilities and other conditions, such as ADHD 
(Homack & Riccio, 2004). 
The absence of significant associations, however, may also suggest that 
the fundamental assumption on which this paper is based is inaccurate; namely, 
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that TBI leads to impulsivity, which leads to problematic behaviour. A possible 
alternative is that all young offenders, for biological and social reasons, tend to 
be impulsive, which then predisposes them to TBIs. Thus, no particular 
association between TBI and impulsivity or risk-taking would have been 
expected in the current sample because all could be expected to display 
heightened impulsivity. The current sample contained only young offenders, and 
included no comparison non-offending adolescent group, so it is not possible to 
draw conclusions about the young offender sample’s impulsivity relative to the 
non-offending population.  
 
Impulsivity 
In the current sample, neither self-reported nor behavioural impulsivity was 
associated with TBI or risk-taking. The Stroop interference score was 
significantly positively correlated with SDQ hyperactivity/ inattention but not with 
any other measures. These findings do not inform how the personality and 
cognitive models of impulsivity relate to one another (Cyders & Coskunpinar, 
2012) . UPPS Lack of premeditation showed associations closest to those 
hypothesised. This supports Whiteside and Lynam’s (2001) claim that lack of 
premeditation is “the prototypical definition of impulse control problems” (p. 
561). Lack of premeditation was highly correlated with lack of perseverance, but 
they were differentially associated with the other variables, supporting the 
notion that they measure distinct, but related, processes (Rochat et al., 2010).  
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Risk-taking 
The two risk-taking measures in the current study (risky driving and 
substance use) did not correlate with one another. The substance use measure 
reflected the severity of the worst substance ever used, and not current use. 
Therefore, it may not be sensitive enough to reflect differences within the 
sample and reveal correlations with other variables. It is also possible that the 
simulated Stoplight task did not reflect real-world behaviour. However, at first 
sight the lack of an association suggests that different types of risk-taking 
behaviours are not underpinned by a general propensity to take risks (Byrnes, 
Miller, & Schafer, 1999). This can be understood by considering how different 
the antecedents and repercussions of risk-taking behaviours can be. For 
example, driving may be influenced by mood or the presence of peers (Chein et 
al., 2011; Rhodes & Pivik, 2011). Possible consequences could include 
disability or death. However, using substances is likely to be brought about by 
the desire for pleasurable sensations or to cope with difficult emotions 
(Novacek, Raskin, & Hogan, 1991). Consequences could include embarrassing 
behaviour or health difficulties.  
It is also likely that people perceive risks differently (Rhodes & Pivik, 
2011). Demographic factors, such as gender and age, have been identified as 
affecting individuals’ perceptions of risk (DeJoy, 1992; Kelly, Darke, & Ross, 
2004; Spigner, Hawkins, & Loren, 1993) and it is possible that environmental 
factors, such as familial drug use, and previous experiences of particular risk-
taking behaviours do so as well. Perceptions of risk-taking may, therefore, affect 
risk-taking behaviour. Gullone et al. (2000) have taken account of this in the 
Adolescent Risk-Taking Questionnaire, which first requires adolescents to rate 
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their perception of the riskiness of behaviours before classifying the frequency 
with which they engage in them.  
 
Secondary Analyses 
Secondary analyses investigated the associations between the primary 
variables, TBI, impulsivity and risk-taking, as well as secondary variables, 
aggression and conduct problems. No associations were significant, either 
within or between primary and secondary variables, except for a positive 
correlation between RPQ reactive aggression and UPPS lack of premeditation. 
This strong correlation raises the question of whether these measures are 
measuring the same, rather than overlapping, constructs.  
Self-reported impulsivity (UPPS lack of premeditation) was associated with 
reactive aggression. This is despite the fact that an abbreviated version of the 
UPPS scale was used. Shortening the questionnaire, however, may have 
reduced its psychometric robustness, leading to lowered internal consistencies, 
particularly for the UPPS sensation-seeking subscale.  
Surprisingly, reduced Stroop interference control was associated with 
increased SDQ prosocial behaviour. It is possible that those participants who 
most struggle with prosocial behaviours sought to portray favourable qualities, 
rather than actual behaviour.  
 
Theoretical Implications 
The sample reported a high prevalence of TBI, which is consistent with the 
findings of Perron and Howard (2008) and Williams, Cordan et al. (2010). The 
current study sought to increase the accuracy of TBI identification by 
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incorporating TBI severity and frequency into a novel TBI dosage score, since 
they may both affect cognitive outcomes (Beauchamp et al., 2011; Crowe et al., 
2012; Davies et al., 2012; Teasdale & Engberg, 2003; Wall et al., 2006). 
However, all reported TBIs were mild. Mild TBI may be predominantly 
associated with diffuse axonal damage (Smith, Meaney, & Shull, 2003), 
whereby neurons lose the ability to communicate with others (Smith et al., 
2003). This may be associated with more subtle cognitive and behavioural 
changes than focal cortical damage would be.  
The dominance of mild TBI in the current sample is in contrast to the 
findings of Williams, Cordan et al. (2010) who, despite a similar overall 
percentage of TBIs, reported that 17% were moderate to severe. Therefore, 
although there is evidence that TBI is a prevalent health condition in young 
offenders, further investigation into TBI severity is necessary. This may help to 
guide research into the content and timing of possible interventions, since the 
severity of TBI can be related to cognitive and behavioural outcome 
(Nadebaum, Anderson, & Catroppa, 2007; Sinopoli, Schachar, & Dennis, 2011).  
The current study was based on the idea that TBI may cause subsequent 
cognitive and behaviour problems. However, pre-TBI aggression and impulsivity 
have been shown to correlate with post-TBI aggression (Greve et al., 2001). 
Consequently, TBI may exacerbate pre-existing aggression and impulsivity, 
rather than cause them. Indeed, environmental factors in early life, such as 
family functioning and attachment, have been associated with impulsivity 
(Olson, Bates, & Bayles, 1990; Tweed & Dutton, 1998). Therefore, reactive 
aggression, underpinned by biologically and environmentally based impulsivity, 
may lead to an increased likelihood of sustaining a TBI. 
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Based on the findings, self-report and behavioural measures of impulsivity 
may assess different aspects of impulsive behaviour (Reynolds, Ortengren, 
Richards, & de Wit, 2006; Sharma et al., 2014). The current study used a 
behavioural measure of interference control only. However, a recent meta-
analysis suggested that there are four overarching components to behavioural 
impulsivity: inattention, inhibition, impulsive decision-making and shifting 
(Sharma et al., 2014). Therefore, an aspect of impulsivity that was not 
measured in this study may be implicated following TBI. A wider range of 
sensitive measures related to impulsivity may permit the identification of 
cognitive and behavioural difficulties in this population.  
Finally, previous research suggests that, due to a disparity in the timing 
and rate of development of two interconnected systems, early adolescence is a 
time of heightened risk-taking (Steinberg et al., 2008). However, the current 
study did not find a significant association between age and risk-taking, 
although this could have been a result of the small sample size and the limited 
age range included. Furthermore, gender differences in risk-taking have been 
indicated, with males taking more risks than females (Byrnes et al., 1999). Due 
to the small sample size, and the unequal gender divide, this was not explored 
in the current study.  
 
Methodological Considerations 
Strengths. Firstly, significant resources were dedicated to data collection 
and, consequently, it included 21 participants from a population that can be 
hard to access and engage in research. Secondly, it was a multi-site study, 
including four YOTs. This increases the probability that the sample is 
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representative of community-based young offenders in South West England. 
Thirdly, exclusion criteria were kept to a minimum in order to obtain a sample 
that was reflective of the target population. Fourthly, the study explored factors 
that have not been observed concurrently within the same sample before. In 
addition, key constructs (interference control and risk-taking) were explored with 
behavioural tasks in order to increase the ecological validity of the findings and 
avoid biases associated with self-report questionnaires. Finally, the TBI dosage 
score sought to reflect both the severity and frequency of TBIs. Although it 
sought to more accurately detect the presence of TBI than if severity or 
frequency were considered alone, the TBI dosage score needs to be validated. 
 
Limitations. Firstly, the total sample size was smaller than that deemed 
necessary by a priori power calculations. Consequently, the study was only 
sufficiently powered to detect large effect sizes, therefore increasing the 
likelihood of type II error. As a result, this study should be considered an 
exploratory investigation.  
Secondly, no participants reported sustaining moderate or severe TBIs. 
This may have been because participants’ history of TBI was ascertained 
through retrospective self-report. It is likely, therefore, that TBI scores were not 
completely accurate, due to recall error or exaggeration. Furthermore, the TBI 
dosage score was derived from a novel equation developed for the purpose of 
the current study.  Research to establish its validity should be conducted prior to 
any further use. 
Thirdly, two factors question the degree to which the sample represents 
the target population. There was a high rate of non-attendance and it is possible 
that the young offenders who missed their appointments differed systematically 
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from the participants. For example, cognitive difficulties resulting from more 
severe TBIs may have acted as a barrier. Moreover, only one participant (4.3% 
of the sample) was female. Therefore, the gender ratio in the current sample 
was notably different to that of the YOT caseloads (11.5% female).  
The correlational design of the study has two main weaknesses. Firstly, it 
is not possible to draw inferences regarding the causality of relationships. 
Secondly, confounding variables may be playing a part in the relationships 
observed between the factors included. The possible confounding role of a 
limited number of variables, including intelligence, SES and education, was 
considered but discounted. However, others, such as history of abuse, 
attachment and perinatal problems may be contributing to the findings (Levine, 
Karniski, Palfrey, Meltzer, & Fenton, 1985). 
 
Clinical Implications 
Although the high rate of TBI reported by the current sample is consistent 
with previous research (Perron & Howard, 2008; Williams, Cordan et al., 2010), 
the findings of the current study do not provide evidence to support the routine 
screening of TBI in young offenders. However, previous research has 
suggested that TBI may result in secondary ADHD (Sinopoli et al., 2011). 
ADHD has been linked to earlier onset of criminality and more violent offending 
(Young, Wells, & Gudjonsson, 2010). Consequently, a transdiagnostic 
perspective may benefit young offenders displaying problems with impulsivity. 
For example, a proposed management approach for young offenders with 
ADHD recommends prompt assessment, staff training, closer links with 
healthcare services to which offenders can be referred and early intervention 
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(Young et al., 2011). Furthermore, evidence suggests that EF deficits and 
subsequent behavioural difficulties can be improved through targeted 
interventions (Cicerone, Levin, Malec, Stuss, & Whyte, 2006). The effectiveness 
of neuropsychological and behavioural interventions on impulsivity control in 
young offenders should be evaluated, in addition to the potential impact of these 
interventions on reoffending.  
Finally, YOT workers were instructed not to include young people with 
learning disabilities in the sample. However, two participants were found to 
have FSIQs significantly below the learning disability cut-off. These FSIQs may 
be inaccurate for two reasons. Firstly, the FSIQ established by the WASI-II in 
the current study may not be an accurate representation of the FSIQ of British 
adolescents. This is because of cultural differences between the current sample 
and the normative data, which was based on only American adolescents. 
Research suggests that cultural differences can affect test performance on 
measures of intelligence (Razani, Murcia, Tabares, & Wong, 2007; Walker, 
Batchelor, & Shores, 2009). The use of British normative data may have 
provided more accurate estimations of FSIQs. Secondly, the WASI-II was 
administered at the very end of the testing sessions. This was because, due to 
the anticipated possibility that participants may become restless and want to 
finish early, the key measures (those contributing to the primary hypotheses) 
were administered first. Consequently, it is possible that participants were tired 
and distracted by the time they completed the WASI-II and that the FSIQs 
gained from this assessment do not accurately represent their intellectual 
capabilities. In the future, measures pertaining to the inclusion and exclusion 
criteria should be administered first. However, it is also possible that  these two 
young people do have FSIQs within the learning disability range and that young 
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offenders’ abilities and needs are not being fully understood by YOTs. In the 
future, it may be helpful for neuropsychological assessment to be routinely 
provided in order for young offenders to be appropriately supported.  
 
Future Directions 
This exploratory study requires replication with a larger sample. In 
addition, some methodological changes could be beneficial. Firstly, regarding 
TBI measurement, participants’ TBI status should be more thoroughly and 
reliably ascertained. In order to do this, their medical records should be 
accessed and, ideally, neuroimaging should be used to establish the site and 
extent of lesion(s). Moreover, the TBI dosage score makes several assumptions 
that should be tested. It assumes a) a linear relationship between TBI severity 
and duration of LoC; b) TBIs of the same severity cause equal damage to the 
brain, regardless of how many are sustained; c) each TBI is independent of any 
previous TBIs. Secondly, it is possible that the Stroop test used in the current 
study did not validly measure interference control in this sample. This is 
because it was long and may have been too taxing for young people who may 
have difficulties with literacy. If this is the case, then the data may reflect 
difficulties with literacy rather than difficulties with interference control. An 
alternative form of the Stroop test, such as the Delis-Kaplan Executive Function 
System (DKEFS) Colour-Word Interference Test (Delis, Kaplan, & Kramer, 
2001), which has shorter exercises and provides normative data on a 
comparative age group, may have provided more valid data. Thirdly, a 
shortened version of the UPPS impulsivity scale was used in the current study 
in order to make the testing session manageable for the participants. However, 
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this may have reduced the robustness of the scale and future research should 
consider using the full version. Fourthly, slight changes to the administration of 
the Stoplight task could improve its validity. Previous research using the task 
has instructed participants that they will receive a reward depending on their 
performance, which provides an incentive for risk-taking (Steinberg et al., 2008). 
However, this was not done in the current study due to resource constraints. It 
is possible that this affected the construct validity of the measure and future 
research should consider providing an incentive. Further to this, while 
completing the Stoplight task several participants reported frustration at not 
being able to accelerate. If possible, the ability to accelerate may allow for 
another dimension of risk-taking to be measured during this task. Finally, 
positive risk-taking could be investigated alongside maladaptive risk-taking to 
inform how it could be harnessed in this population (Donohew et al., 2000; 
Jones & Lynam, 2009; Wilson & Daly, 1985).  
The location and context of testing should be kept as consistent as 
possible. In the current study, participants were seen either at home or at the 
YOT. They were either alone, or accompanied by a carer or YOT worker. While 
it is important to ensure that all participants feel comfortable with the 
environment in which they participate, it is possible that these differences had 
an effect on their performance. For example, adolescents have been shown to 
take more risks when in the company of a peer (Chein, Albert, O’Brien, Uckert, 
& Steinberg, 2011). Conversely, it is possible that young people who were 
accompanied by a YOT worker took fewer risks during the driving task in order 
to portray a desired image to an authority figure.  
Finally, longitudinal research is necessary to better understand the 
contribution of psychological, social and biological factors to behavioural 
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outcomes. It could also be used to explore the role of TBI at different stages of 
brain development on subsequent functioning. 
 
Conclusions 
This exploratory study used a cross-sectional correlational design to 
explore TBI, impulsivity and risk-taking in young offenders. It concluded that TBI 
was not associated with impulsivity and risk-taking within the sample. Further 
research should seek to use larger samples, establish the presence, extent and 
location of TBI with the use of medical records and neuroimaging, and to delve 
deeper into the risk-taking construct. Longitudinal research could also reveal the 
relative importance of social and biological factors to impulsivity and risk-taking. 
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Appendices 
Appendix D: Summary of Involvement 
In order to collect as much data as possible within the time available, the 
data collection of this project was combined with that of another trainee clinical 
psychologist at the University of Exeter. This meant that compromises were 
made with regards to the measures for both projects in order for the testing 
sessions to be a manageable length of time for the targeted participants. 
However, the conceptualisation and design of the current study was the work of 
the author. 
All data were collected by the two trainee clinical psychologists. Only one 
trainee was present at the YOTs at a time and, therefore, only one trainee was 
present in each testing session. Both trainees administered tests relevant to the 
current project and to another project (“The association between traumatic brain 
injury, behavioural factors and facial emotion recognition skills in delinquent 
youth”). The table below outlines the contribution of each trainee. 
 
 Trainee 1 (author) Trainee 2 
Number of days spent on 
data collection 
 
24 20 
Number of participants 
tested 
12 11 
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Appendix E: Background Questionnaire 
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Appendix F: Asset Information Form 
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Appendix G: UPPS Impulsivity Scale 
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Appendix H: Reactive-Proactive Aggression Questionnaire 
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Appendix I: Strengths and Difficulties Questionnaire 
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Appendix J: University of Exeter Ethical Approval 
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Appendix K: Practitioner’s Abstract 
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Appendix L: Information Sheets 
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Appendix M: Consent and Assent Forms 
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Appendix N: Booking-in Sheet 
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Appendix O: Log10 Transformations 
“TBI Dosage Score” Transformation 
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“Time since Injury” Transformation 
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SES (IMD Score) Transformation 
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“Number of Convictions” Transformation 
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Appendix P: Tests of Assumptions for Linear Regression 
Primary Hypotheses 
Histograms and statistics table. The histograms and skewness and kurtosis 
values indicated that the data were normally distributed.  
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Scatterplot. The *ZRESID against *ZPRED plot was indicative of 
homoscedasticity, thus meeting the assumption for linear regression.  
 
 
 
Coefficients table. VIF values less than 10 and the average not substantially 
greater than 1, indicating that the model met the assumption of multicollinearity. 
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Secondary Hypotheses 
 
Histograms and statistics table. The histograms and skewness and kurtosis 
values indicated that the data were normally distributed.  
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Scatterplot. The *ZRESID against *ZPRED plots were indicative of 
homoscedasticity, thus meeting the assumption for linear regression.  
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Coefficients table. VIF values less than 10 and the average not substantially 
greater than 1, indicating that the model met the assumption of multicollinearity. 
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Appendix Q: Statement of Dissemination 
The findings of the research will be presented to University of Exeter staff 
and Trainee Clinical Psychologists in June 2014. Following this, the findings will 
be communicated in writing to those participants who opted-in. The findings will 
be presented in writing or in person to the recruitment centres, based on the 
preference of the YOT managers. A shortened version will be submitted to the 
target journal in approximately September 2014. If possible, the findings will 
also be presented on a poster at an appropriate conference. 
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Appendix R: Manuscript Guidelines for the Journal of Head Trauma 
Rehabilitation 
Journal of Head Trauma Rehabilitation 
Online Submission and Review System 
SCOPE  
The Journal of Head Trauma Rehabilitation (JHTR) is a bimonthly journal devoted to clinical management 
and rehabilitation of persons with traumatic brain injury. It is interdisciplinary and designed to provide the 
most current and relevant information for the practicing professional and researchers in the field. Three or 
4 issues each year are devoted to single topics recommended to or solicited by the editors. The remaining 
issues consist primarily of unsolicited, empirical research reports. All articles, whether in a topical issue or 
not, receive masked peer review. 
 
Authors are encouraged to submit to JHTR original manuscripts based on observations or experimentation 
that add new knowledge to the field of brain injury rehabilitation. Analytical reviews that codify existing 
knowledge or illuminate the present and future issues in the field are welcomed. In addition to topical 
articles, JHTR seeks manuscripts dealing with a variety of subjects that have current or future importance 
to all areas of brain injury rehabilitation, from acute medical management and clinical interventions to 
problems with reintegration into the community and long-term quality of life. 
 
MANUSCRIPT SUBMISSION 
Article types: Manuscripts reporting original research and systematic reviews are welcomed. Case 
studies may be published if they address a seminal clinical condition or procedure that has not been 
previously reported in the published literature. (Unless you have been invited by a topical issue editor to 
submit a manuscript for a topical issue, all manuscripts should be submitted as “Unsolicited (Focus on 
Clinical Research)”.JHTR emphasizes research on traumatic brain injury. If participants included in a 
research manuscript are not exclusively individuals with traumatic brain injury, the proportion of each 
etiology must be described. Generally, to be published in JHTR, a majority of the participants must have 
incurred traumatic brain injury, or data analysis allows evaluation of the specific effect on those with a 
traumatic etiology. 
 
Article length: Manuscripts should generally not exceed 4500 words excluding abstract, references, 
tables, and figures. Authors are encouraged to use Supplemental Digital Content (SDC) for manuscript 
details that supplement but are not central to the comprehension of the paper. SDC is linked to the article 
indefinitely via the JHTR Web site (for more information, see later) 
 
Online manuscript submission: All manuscripts must be submitted online through the Web site at 
www.edmgr.com/jhtr, which can also be accessed through the journal’s Web page. 
 
First-time users: Please click the Register button from the menu above and enter the requested 
information. On successful registration, you will be sent an e-mail indicating your user name and 
password. Note: If you have received an e-mail from us with an assigned user ID and password, or if you 
are a repeat user, do not register again. Just log in. Once you have an assigned ID and password, you do 
not have to reregister, even if your status changes (i.e., author, reviewer, or editor). 
 
Authors: Please click the Log-in button from the menu at the top of the page and log-in to the system as 
an Author. Submit your manuscript according to the author instructions. You will be able to track the 
progress of your manuscript through the system. If you experience any problems, please contact John D. 
Corrigan, PhD, Editor-in-Chief at corrigan.1@osu.edu. 
 
CONFLICTS OF INTEREST 
Authors must state all possible conflicts of interest in the Title Page of the manuscript, including financial, 
consultant, institutional, and other relationships that might lead to bias or a conflict of interest. If there is no 
conflict of interest, this should also be explicitly stated as none declared. All relevant conflicts of interest 
and sources of funding should be included on the title page of the manuscript with the heading “Conflicts of 
Interest and Source of Funding:”. For example: 
 
Conflicts of Interest and Source of Funding: Author A has received honoraria from Company Z. Author 
B is currently receiving a grant (#12345) from Organization Y and is on the speaker’s bureau for 
Organization X—the CME organizers for Company A. For the remaining authors none were declared.  
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In addition, each author must complete and submit the journal’s copyright transfer agreement, which 
includes a section on the disclosure of potential conflicts of interest based on the recommendations of the 
International Committee of Medical Journal Editors, “Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals.” 
 
 Each author must download the form in PDF format, complete the form electronically, and provide to the 
lead author for submission to the JHTR Editorial Manager site.  
 All author forms must be completed by the time of revised manuscript submission.  
 Each author will be expected to complete and sign the copyright transfer agreement form electronically. 
For help or more information about electronically signing this form, read our Steps for Creating a Digital 
Signature and other online FAQs. 
 
LWW AUTHOR’S MANUSCRIPT CHECKLIST FOR JOURNALS 
Authors should pay particular attention to the following items before submitting their manuscripts: 
 
Manuscript Preparation  
 JHTR uses the American Medical Association Manual of Style, 10th edition.  
 JHTR requires authors to use person-first language—avoid phrasing such as “the brain-injured 
participant” or the “TBI patient” and replace with “participant with a brain injury” or “patient with a TBI.”  
 Manuscripts should be line numbered in their original format (e.g., Microsoft Word line numbering).  
 Manuscripts should be double-spaced, including quotations, lists, references, footnotes, figure captions, 
and all parts of tables. Do not embed tables in the text.  
 Manuscripts should be ordered as follows: title page, abstracts, text, references, appendices, tables, and 
any illustrations.  
 To maintain a masked review process, it is the author’s responsibility to make every attempt to mask all 
information in the manuscript that would reveal the identity of the author to the reviewer. This version of 
the manuscript is referred to as the “masked” manuscript when uploading documents.  
 Title page including (1) title of the article; (2) author names (with highest academic degrees) and 
affiliations (including titles, departments, and name and location of institutions of primary employment); 
(3) all possible conflicts of interest including financial, consultant, institutional, and other relationships 
that might lead to bias or a conflict of interest; (4) disclosure of funding received for this work including 
from any of the following organizations with public or open access policies: National Institutes of Health 
(NIH), Wellcome Trust, and the Howard Hughes Medical Institute; and (5) any acknowledgments, 
credits, or disclaimers.  
 A structured abstract of no more than 200 words should be prepared. Authors should use telegraphic 
language where possible, including omission of introductory clauses. Headings should typically include 
the following: Objective, Setting, Participants, Design, Main Measures, Results, and Conclusion. The 
Conclusion section should encapsulate the clinical implications of the results, not merely restate the 
findings.  
 Include up to 10 key words that describe the contents of the article such as those that appear in the 
Cumulative Index to Nursing and Allied Health Literature (CINAHL) or the National Library of Medicine’s 
(NLM’s) Medical Subject Headings (MeSH).  
 There should be a clear indication of the placement of all tables and figures in text.  
 The author is responsible for obtaining written permission for any borrowed text, tables, or figures. 
 
References 
 References must be cited in text and styled in the reference list according to the American Medical 
Association Manual of Style, 9th edition, copyright 1998 American Medical Association. They must be 
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